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Some Newly Discovered Coal seams near the 
Yaw River, Pakokku District, Upper Burma. By 
G. DE P. Cotter, B.a. (Dub.), F.G.S., Assistant 
Superintendent, Geological Snn\^' of India. (With 
Plates S-12.) 


FN the first quarter of 191:1, [ orolo^^firully ii'apped part of the 

^ Pakokku distriet in tlu; Rank sub-division, 

Ifllroductioa. , • 1 • . , , , ... , 

which IS travcr.sed by tlic \ aw River, and 

affords an excellent section tlirou};!! the Teutiary rocks of Rurina. 

A topographical map on a scale of 1 inch ---1 mile is jmblished 

by the Survey of India and is numbered Sheet 81, K-7. 

I have already alluded to this an'a in a paper entitled “ Notes 

on the value of Nummulites as Zone h’ossils ” {Ike. (Jcol. Sur. Ind.^ 

Vol. XLIV, p. 52). 

In the sandstones overlying the nnmmulitic; shales whicli in the 
above quoted paper I termed the Y'aw stage, 1 found numerous 
coal-seams. The examination of these was ])ostponcd till the follow¬ 
ing field .season, but I collected one specimen from a seam exposed 
close to Tazu village. It gave the following proximate analysis;— 


Moisturo . 
Volatile matter . 
Tixod carbon 
Ash . 


10-HS 

38-10 

3.-)-72 

9-30 


100-00 


B 



1C4 


Records of the Geological Survey of India. [Vol. XLTV. 


In Februray 1014, I showed these coal-seams to Dr. H. H. 
TTayden, Director, Ecological Survey of India, and received instruc¬ 
tions to open up the seams and to measure and sample them. Mr. 
Sethii Rama Eau, Sub-Assistant, Ecological Survey, was deputed 
to assist me in the work, which was commenced on the 16th of 
March and completed in a month. The present paper sets forth 
the results of our examination. 


In all twenty-two average samples were obtained. Fjach sample 
was taken by cutting (Hit the coal in a regular groove from the top 
to the bottom (d the seam, by handpicking and rejecting all clay 
partings, and by subseijnent coning and halving. Five sketch maps 
of the more important exposures were made ; the sketch map of 
the Yekyin ('haung (plate 11, fig. 3) has been prepared by the 
plane-table and steel tape, while the remaining maps were made by 
pacing and pocket-con)pass. ]\lr. Sethu Eama Eau is responsible 
for the sketch maps of the Thongwa and the Newe Eliaungs. 


The geology and structure of the area can be seen from an ex¬ 
amination of the map and sections acconipany- 
ing this paper (plates 9 and 10). The forma¬ 
tions mapped arc :— 


Geology and structure. 


I. [decent Alluvium. 

IJ. Irrawaddy iSaudstonos. 
111. Pegu Sorio!^. 


IV. Yau' Shales. 

V''. I’ondaiiiig Sandstones. 
VI. Tahyin Clays. 


Wlien examining the Yaw Eiver section, I was unable to map 
with certainty the same boundaries as those previously mapped 
in the Minbu district (see my paper entitled “ The Pegu-Eoccne 
Succession in the Minbu district near Ngape, Rec. Geol. Sur. hid., 
Vol. XLI, p. 221). This was owing to the fact that the intervening 
country had not been mapped. From an examination of the fora- 
minifera and mollusca of the Yaw Shales, I regarded them as the 
same in age as the Yehtes schmiedeli zone of Minbu, which I deserbed 
in the above ijiioted paper. This conjecture w'as subseipiently 
corroborated by my colleague Mr. II. S. Eion, who last field-season 
mapped the intervening country between the Minbu section and the 
Yaw Eiver section, and who fomid that the Velates zone comes strati- 
graphically on the top of the Yaw stage, so that the top of the 
Yaw Shales coirespopds to the Velates zone of Minbu. 

The Pegu Series therefore, as mapped in this area, actually do 
correspond in their upper and lower limits with the Pegus as 
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mapped in the Ngape section in Minbu. They include the upper 
Pegus, which in Minbu are highly fossiliferous sands and thin shales ; 
the clays and shales, which contain Lepidocyclina theobaldi and 
other foraininifera, and which 1 conjectured might correspond to 
the Sitsayan Shales of Lower Burma, and tlie sandstones under¬ 
lying them, containing tlic fossil-beds which I n)arkcd D, E, and 
F. But although the Pegu scries can be separated into these three 
sub-divisions in the Ngape section, such sub-division becomes im¬ 
possible in the Yaw section, since the upper Pegus have become 
fluviatile, the Lepidocyclina theobaldi clays have di,sa])peared and 
are represented by sands, similar to those above and below, while 
the underlying sandstones contain only fresh or brackish water fossils 
such as Cyrenn. Sub-division is therefore impossible on the lines 
adopted in Minbu. 

My colleagues Mr. C. If. Tipper, Mr. H. S. Bion and myself have 
decided to use the t<‘,rins I’egus (|■<^stricted), Padaung Clays, and 
Shwezetaw Sandstones to in(licat<', each of the three sub-divisions 
of the Pegus mentioned above. I'lie name Padaung is taken from 
a village situated upon the L. fhcolxddi clays and marked on the map 
accompanying my ])aper on the, Nga])e section. The name >Shwezctaw 
is taken from a famous pagoda of that name at the village of Payaywa 
which will also be found marked on the same map. 

The coal-bearing sandstones of the Yaw Biver section corre¬ 
spond to the lowest of thcvse three sub divisions, viz., the )Shvvezetaw 
Sandstones, which contain the fossil bedfl marked I), E, and F on 
my map. 

^riie Yaw stage corresponds to the Vclates schmiedeli zone and 
some of the beds below it, while the Pondaung sandstones corre¬ 
spond to the massive sandstones which form the Nwamataung Hill- 
Bange, and which in Minbu contaiti the bed H. TMie Tabyin Clays 
are largely concealed by soil and alluvium in Minbu. The Yaw 
Shales, Pondaung Sandstones and Tabyin Clays are all Eocene in 
age. 

The whole series from the base of the Irrawaddy Sands to the 
base of the Eocene, I believe to be conformable. There is certainly 
no discordance of dip at any part of the series. It is likely, however, 
that there has been an interruption of sedimentation at many 
horizons causing what may be termed local unconformities. The 
Irrawaddy basin during tertiary times was a geosynclinal area, and 
we may suppose that the geosyncline continued to subside slowly 

B 2 
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In Februray 1914, I Kshowed these coal-seams to Dr. H, H. 
Ha 3 "den, Director, Geological Survey of India, and received instruc¬ 
tions to open up the scams and to measure and sample them. Mr. 
Sethu Earn a Eau, Sub-Assistant, Geological Survey, was deputed 
to assist me in the work, which was commenced on the 16th of 
March and completed in a month. The present paper sets forth 
the results of our examination. 


In all twenty-two average samples were obtained. Each sample 
was taken by cutting out the coal in a regular groove from the top 
to the bottom of the seam, by handpicking and rejecting all clay 
partings, and by sii])scqncnt coning and halving. Five sketch maps 
of the more important ex])osurcs wcr<^ made ; the sketch map of 
the Yekyin Ghaung (plate 11. fig. 3) has been prepared by the 
plane-table and steel tape, while the remaining maps were made by 
pacing and pocket-(!ompass. Mr. Sethu Rama Eau is responsible 
for the sketch maps of the Thongwa and the Newc Ghaungs. 

The geology and structure of the area can be seen from an ex¬ 
amination of the map and sections accon)p'any- 
ing this paper (plates 9 and 10). The forma¬ 
tions mapped arc : — 


Geology and structure, 


I. Roficnt .Alluvium. 

II. Irrawaddy Sandstones. 

III. Pegu Series. 


IV. Hliales. 

V. Fondaung Sandstones. 

VI. Tabyin days. 


When examining the Yaw River section, I was unable to map 
with certainty the same boundaries as thosj previously mapped 
in the Miiiliu district (see my paper entitled “ The Pegu-Eocene 
Succession in the Minbu district near Ngape, Rec. Geol. Sur. Ind., 
Vol. XLI, p. 221). This was owing to the fact that the intervening 
country had not been mapped. From an examination of the fora- 
minifera and molhisca of the Yaw Shales, I regarded them as the 
same in age as the Vchles schmiedeli zone of Minbu, which I described 
in the above ipioted paper. This conjecture was subseijuently 
corroborated by my colleague Mr. H. S. Bion, who last field-season 
mapped the intervening country between the Minbu section and the 
Yaw River section, and who found that the Velates zone comes strati- 
graphically on the top of the Yaw stage, so that the top of the 
Yaw Shales corresponds to the Velates zone of Minbu. 

The Pegu Series therefore, as mapped in this area, actually do 
correspond in their upper and lower limits with the Pegus as 
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mapped in the Ngape section in Minbu. They include the upper 
Pegus, which in Minbu are higlily fossiliferous sands and thin shales ; 
the clays and shales, which contain Lepidocyclina theohahli and 
other forarninifera, and which I conjectured niight correspond to 
the Sitsayan Shales of Low'er Burma, and the sandstones under¬ 
lying them, containing the fossil-beds wdiicli J marked D, E, and 
F. But although the Pegu series can be separated into these three 
sub-divisions in the Ngape section, such sub division becomes im¬ 
possible in the Yaw section, since tlic upper Pegus have become 
fluviatile, the Le/pidorycUna theobaldi clays have disappeared and 
are represented by sands, similar to those above and below, while 
the underlying sandstones contain only fresh or brackish water fossils 
such as Cyrena. Sub-division is therefore impossible on the lines 
adopted in Minbu, 

My colleagues Mr. C. H. Tipper, Mr. TI. S. Bion and myself have 
decided to use the terms Pegus (restricted), Padaung (days, and 
ShwT/.etaw Sandstones to indicate each of the three sub-divisions 
of the Pegus mentioned above. The name Padaung is taken from 
a village situated upon tlii'i L. theobaldi clays and marked on the map 
accompanying my paper on the Nga])e section. The name Shwezetaw 
is taken from a famous pagoda of that name at the village of Payaywa 
which wull also be found marked on the same ma]). 

The coal-bearing sandstones of the Yaw Biver section corre¬ 
spond to the lowest of these three sub divisions, viz., the iSlnvezetaw 
Sandstones, which contain the fossil bedn marked D, E, and F on 
my map. 

The Yaw' stage corresponds to the Velates srhmiedeli zone and 
some of the beds below it. while the Pondaung sandstones corre¬ 
spond to the massive sandstones which form the Nw'amataung Hill- 
Kange, and which in Minbu contain the bed 11. T'ho 'fabyin Clays 
arc largely concealed by soil and alluvium in Minbu. I'lie Yaw' 
Shales. Pondaung Sandstones and Tabvin Olavs are all Eocene in 
age. 

The whole series from the base of the Irrawaddy Sands to the 
base of the Eocene, I believe to be conformable. There is certainly 
no discordance of dip at any part of the series. It is likely, how^ever, 
that there has been an interruption of sedimentation at many 
horizons causing w’hat may be termed local unconformities. The 
Irrawaddy basin during tertiary tin'es was a geosynclinal area, and 
we may suppose that the geosyncline continued to subside slowly 
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throughout the "J ertiary jjeriod. When tlie rate of deposition was 
faster than tlie rate of subsidence, we find V(n*y shallow water de¬ 
posits, with inucli local unconformity, using the word in the sense 
of intciTUjition of sedimentation ; these local unconformities doubt¬ 
less indicate the cuicrgence of land in the Tertiary sea. But 
this emergence of land must not be taken as indicating an 
u))heaval, but as merely a retardation of subsidence, so that the 
sediments have had time to fill up the sea locally. We must recog¬ 
nise also that the Begii and Irrawaddy Scri(‘s are regressive scries, 
and that the change from marine deposits iji the Pegus of the south 
of Burma to the entirely fluviatilc or very shallow water deposits 
of the Pegus of tlu^ Yaw Kiver section in I’akokku indicates a gradual 
retreat of the Tertiary sea to the south. Kach bed may be regarded 
as imperceptibly regressive from the immediately underlying one. 

This state of affairs gives lise to a regular lateral variation in 
each bed. Thus tlie Padaung Plays arc deep water clays with lime¬ 
stone in the Ngape section. At Ngahlaingdwin in the north of Minbu, 
there is no intercalated limestone, but the clays are still well deve¬ 
loped. Finally the clays grade into sands about the latitude of the 
Saw-8eikpyu road in the south of Pakokku as my colleague 
IVlr. IT. S. Bion has shown. Tn the Yaw section nothing but current- 
bedded sandstones are found at this horizon. 


I have fr('.(piently observed also that many beds when traced 
northwards, after passing through the current-bedded sand phase, 
finally end up as red earth beds or ferruginous conglomerates, and 
become indistinguishable from those of the Irrawaddy scries, so 
that it becomes a matter of extreme difficulty to draw geological 
boundaries near the flanks of the geosyncline. 

The hypothesis that the Pegus and the Irrawaddies arc both 
regressivi; series is well supported by the results of field work in 
Minbu and Pakokku. It would be incompatible with this hypo¬ 
thesis to suppose that the Jrrawaddi(*s could in these districts be 
transgressive or could ovcrhi]) the Pegus. Possibly cases of sup¬ 
posed overlap may be really explained as erroneous mapping of 
difl'crent red earth beds as being one and the same horizon. 

The geological boundaries mapped in this area are not always 


QeolOi(ical boundaries. 


well defined in the field, and a few descriptive 
remarks arc necessary. The boundary of 


the Irrawaddies and the Pegus is a red earth bed, continuous 


over the whole of the sheet, over 100 ft., thick in most exposures. 
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often containing white pebbles, and on the whole an easily 

mapped horizon. From Mr. Bion’s work, I believe it to be ap¬ 

proximately the same horizon as that mapped in the Ngape sec¬ 
tion of Minbu. The upper and lower boundaries of the Padaung 
Clays are obliterated, but just above this horizon, there is a well 
defined stratum of ferruginous conglomerate which is developed in 
the north of the sheet. The boundary of the Pegus and the Yaw 
stage is somewhat ill defined in the south of the sheet. The Pegus 
as a whole are sandstones, while the Yaws are shales and clays with 
marine fossils. But on the Pegu-Yaw boundary there are alter¬ 
nates of shale and sand. It is purely a matt.^r of convention as to 
whether these should be mapped with the Yaws or with the Pegus. 

The boundary of the Yaws and the Pondaung sandstones is well 

defined, and the change from shale to sandstone at this horizon is 

sharp. The top o^ the Pondaiuigs is marked by oil-bearing sand¬ 
stone. The l)r)undarv of the Pondaung sandstone and the Tabyin 
(Hay is certainly the w^orst and most unreliable boundary in the 
whole of this area, since the change from the sandstones to the clays 
is a gradual one. Owing to the heavy soil-cap and dense jungle, 
one cannot do strike-mapping ; it is therefore very eas}’^ to map 
different horizons as one and the same, when traverse-mapping 
this boundary. In most sections the Tabyin Clays are sheared 
and rolled by the movement of the massive Pondaung sandstones 
over them, and show considerable contortion. Dips in these clays 
are wholly unrelia})le. 

Rolling of strata is also seen in the Yaw Shales exposed in the 
Yaw River section, but is developed in a much less degree. In the 
coal-bearing strata in the lower Pegus, rolling is also seen, but is 
usually slight. 

The structure can be seen from an examination of the sections 

, on Plate 1), There is a rapidly rising anti- 

Structure* x ** o 

dine with a syncline to the v’est. North of 

the Yaw, this anticline forms the Pondaung range of hills. The 

anticlinal and synclinal crests become faulted north of the Yaw 

River, and there is a ttmdcncy towards isoclinal structure about 

two miles north of the river. 

The coal-seams may bo divided into three areas :— 

(1) The scams running from the Yaw River half a mile S. E. 
of Lctpanlila -pillage in a S. W. direction to the crest 
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of tJio I’ondHUiig fold. (8ec Vlatcs 10, II). The dip varies 
between 40 degrees at the Yaw Hiver to close on 30 
degrees near the e-rest of the fold. 

(ll) The seams running from the crest of the Pondaung fold 
in the Yekyin Chaung, north w(;stwards past Tazu 
village along the western flank of the anticline. All 
tills coal dips steeply and is usually inclined at angles 
over 00 degrees. I have not sampled this steeply dip- 
])ing coal at all. It is Jiiiicl) sheared and compressed. 

A ])hotograph of these seams opposite Tazu village is 
showji on ])late 0. 

(3) The seams e.xposed in the gently di))])ing western Hank 
of the synclinc west of 4’azu village. The dip varies 
from about, 10 degrees in the north to about 20 degrees 
in the south. It has been examined in the Shan the 

chaung north of the Yaw River, and in the Kan. 'Phongvva 
and Newe C'haungs south of the Yaw River. (See 
jilates 11, 12). 

Resides these, I have marked upon the geological map (plate 10) 
a coal-Si'am iji the I’ondaung Saiidstones. The oecurrence does 

not a])pe.ar to b(} of economic iin})ortance, and need not be men¬ 
tioned again. 

1 shall describe \\\ detail the seams of the first and third of these 
areas. For the sake of brevity I shall t(*rm the first aica the Let- 
pan hi a Field, and the third the Tazu Field. 


I. The Letpanhla Field. 

The seams extend from a point on the Yaw River half a mile 
S. Fi. of Ijetpanhla village to the crest of the Pondaung fold to the 
south-west. The outcrop is about 1|' miles in length, without reckon¬ 
ing its probable extension some distance north of the Yaw River. 
But north of the river the seams have not been examined. 

A sketch-map on a scale of 16 inches = 1 mile is shown on plate 
11, fig. 3. There are a group of thick seams above and numerous minor 
scams below. I’he thick upper seams hav(i been excavated at four 
points marked on the map. Three of these localities arc in the 
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Yekyiu cliaung and one in the Yaw liiver. I coninicncc by a des¬ 
cription of the most southerly. 

Excavation No. 1 .—The section is as follows :— 


Top of cliff, .surfdco soil find purpJo shale fmosliniated. 
Ochreoiis and carbonaceous shale with three 3" coal 
seams ........ 

Carbonaceous shale w ith one 1" seam . 

Coal and carbonaceous shale mixed 
Sandy clay 
Coal and C 
Ochreoiis si 
Coal . 

Pink Htinds 
Coal . 
liliio flay 
Coal . 

Sand 
Coal . 

(.‘arbonaccoiis sliale w ilh one I" band oF coal 
Coal . 

(‘iirbonacoous chiy 
Coal . 

Carlionaceoiis clay 
Lijflit grey clay . 

Coal and clay mixed half and half 
Coal, Samiile Xo. 3 ..... , 

('arbonacoous i-lay with thin coal-seams 
Cliiy find shale wilh oiwi \" band of coal 
C'oal with V bed of sand 1" from bottom 
('arbonaceous shale with occa..sional pockets of coal 
Coal . 


1 


Sample Xo. 2 


Ifiy mixed . 
inds . 


tone . 


. r Sample X^o. 1 


Clay . 

Coal Sample Xo. 4 

Clay . 

Coal . 

Carbonaceous shale wdth ochre . . . . 

Coal, Sample No. 5 ..... . 

Carbonaceous shale ...... 

Coal 

Carbonaceous shale, bottom un.seen but ujnvards of 


h't. In. 


2 0 
1 111 
0 11 
4 7 
1 4 

li !) 

1 fi 
(I 

0 Si 
3 3 ' 
0 3 
0 3 
« 4^ 
1 2 
1 3 

0 3 

0 ()i 

0 2 I 
1 0 
0 7 
1 2 
1 0 
3 .3 
0 7.1 

1 4 

0 4 
0 1 

2 0 
1 0 
0 9 

3 0 
3 0 
0 5 
0 4 
1 0 


In this section, of a thickness of over 28 ft. of strata nearly 13 
ft. arc coal. The two best seanivS arc those from which samples 
4 and 6 are taken, these two seams together make a thickness of 
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6 ft. 7 it), of av%‘iilablo coal. The numerous partings between the 
scams arc of course a great defect, and would greatly increase the 
cost of mining. The observed dip was at 29 degrees to 141 degrees 
east c>f north. The angles of dip arc however not wholly reliable 
owing to a very slight roll of the strata, and I believe that some 
angle between ^10 and 33 d('grces would be more generally correct 
for this part. 

Excavation No. 2 .—in this section there are two scams—an upper 
poorer scam and a lower thick scam, overlain by purple shale with 
massive sandstone abov<*, I’hc section is as follows:— 


Ft. Jn. 

Coal, Siim])Ii) No. 0 . . . . . . .*15 


CfirlMiiiiXceoii^i !'li:iIo . , , . . . .0/5 

(Jroy Siuulv rlay, altout, pivuliiig into . . . ./it) 

Ocliroons flay {fiadinji lo (•arlK)iiacooiiH clay, ahout . 3 (5 

Coiil . . ' . ” 0 3 

Cftrhonnceous shale 0 3 

(loal ... 27 

Carhonacfous shalo . ^S.implo No. 7 . . .02 

Coal ... 1 

Carboiiacoons shalo 0 H 

Coal . . . .J 2 4 


Here the partings arc thin and of little consequence and the 
seam may be regarded as Coal 0 ft. 4 in. 

Both thes<^ scajDS contain thin plates of gypsum developed 
along the joint planes, Bor this reason the coal is apt to split up 
into small pieces, while it is more compact in Excavation No. 1. 
Tlnne arc als(j in some sjj(‘cimens occasional minute specks of iron 
pyrites. Theni is a (-ertairi amount of moisture in the joint planes, 
and no doubt the high percentage of water must be discounted 
somewhat to allow for ^lercohition of surface water into the scams. 

fJolow this seam in this section the following strata are exposed :— 

Ft. Jn. 


nine clay, .'ihout . . . . . . . 12 0 

C<arl)(inaco(»iis clay w ith striiiffs of coal . . . .20 

Clay ami iniMscn liwls, about . . . . . 18 0 

Carbonaceous clay, bott.om unseen but upwards of .30 
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Excavation No. 3 — 


Ft. In. 


Massive sandsfoncs wifh shale bands in the lower 200 feet. 

Poor coal, (Sample No. S ..... . 

Clay, about ........ 

C(sil 
Clay 
Coal 
Clay 
('oal 
Cliiy 
Coal 
Clay 
Coal 
Clay 
Coal . 


^Sample No. 9 . 


1 

0 

I 

0 

0 

0 


oj 

(I 

.') 

1 

2 

OJ 


0 11 


0 

1 

0 

1 

0 

0 


1 

6 

Oi 

1 

Oi 

H 


Below this, tluj seam is poor and is as follows 


Ft. In. 


Clay . 
Coal . 
Clay . 
Coal . 


0 U 

0 2 

0 ;i 

0 3 


This lower pfirt of the scam was not included in the sample. 
Below this, the section is continued as follows :— 


Ft. In. 


Clays, about ....... l.T 0 

Cnrhonaepoiis shale with stfiufpi of coal . . 2 0 

Clay ......... Co 

Impure coal \\it.h clay and ochre, half and halt . 1 9 

Lipht grey clay ....... 1 »• 

Carbonaceous clay ...... 2 0 

Liglit grey elay, bottom unseen, upwards of . . 1 0 

Un.sepn beds, about 30 or .‘W ft. 


Massive sandstoni's, with coal-measures containing the 
lower poorer seams underlying. 
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Excavation No. 1 on south bank of Yaw River .—There is a small 
dip fault in this section, as will be seen from the map. The throw 
is about 8 ft. Disregarding the fault, the section is:— 

J<’t. In. 

AIas.sivo fosnil wood .sautlstoiios. 


Coal. 0 10 

Carlmnaooous .slialo . . . . . . .of) 

Clay.5 6 

(Joal ^ I !) 

Clay 0 2^ 

Coal iSamplo N'o. II . . . . . .Ill 

Clay 0 1 

Coal 0 5,1 

Jrapiiro coal willi slialo . . . . .00 


Here the main scam is reduced from its former thickness of 
over 6 ft. to a thickness of 1 ft. 1.1- inchc.s of good coal, with 6 inches 
of impure coal beneath. 

Below this scam the section is continued as follows :— 


Ft. In. 

Shales and sandstones, about . . , . 13 0 

Mas.sivo saiutstono, about 40 or 45 tt. 

(see last entry of e.vcavation Ka. 3). 

Jlluo Clay, about ...... 30 

Carbonaceous shales ...... 12 

Coal with one 1 inch band of clay ... 13 

Carbonaceous slialo ...... 11 

Coal ......... OS 

Shale, carbonaceous in lowei' part. ... 46 

Coal and clay juixod ...... 06 

Carbonaceous clay ...... 11 

Impure coal ....... 0 3.1 

Coal, Sample No. 12 . . . . . . I 3J- 

Bluo clay, about ...... 60 

Impure coal ....... 66 

Shale ........ 02 

Coal ......... 04 

Unseen beds, about ...... 26 0 

Blue shale, about . . . . . . 18 0 

Coal ......... 14 

Shale and then sandstone underlie this. 


Other exposures in the Yeh/in Chaung .—Home account of the 
beds above and below the main 8can)8 is necessary, in order to 
indicate the nature of the roof and the floor above and below 
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the seams, and also to form an estimate of the minor seams below 
the main seams above described. In the map on plate 11 the 
various localities in the Yekyin Chaunji; are indicated by Homan 
numerals. At I the crest of tin*. Pondaung fold crosses th(i Yekyin 
Chaimg. Massive sandstones are exposed, containing pockets of coal. 
The dip of these sandstones west of the crest is at 80 degrees to 200 
degrees east of north. The base of these sandstones is seen at 11, 
where there is a waterfall and a deep pool in the chaiing. The dip 
here is at 31 degrees to 120 degrees east of north. The sandstones 
are here underlain by a bed of carbonaceous shale 3 ft. thick. Below 
this at III is a bed of purple ochreous shale from 80 to 100 ft. 
thick. Underlying this comes about 100 ft. of massive fossil wood 
bearing sandstones. At IV the main seams are very badly exposed, 
l)ut are seeji underlying tiiese sandstones. Further down the chaung, 
we sec the sauic horizon at Fxcavation No. I, which has been 
already described. The beds underlying the itiain seams exposed 
near V are :— 

I't. 111. 

Sand and clay aliout . . . . . . . J1 0 

Ochreous and catboiiaccous clay «it'll sO’iii^h coal . 2 4 

Shalo, clay and san<lsfoiic, ill .seen, about , . .20 0 

And at VI, below the above:— 




Ft. 

Ill 

Htnxl blue clay ...... 


2 

() 

Ohio clay and coal, half and half . 

• 


8 

Light blue clay ...... 

• • 

0 

9 

Impure coal ...... 

« • 

1 

8 

(.'lunchy blue clay, about .... 

• 

4 

0 

Heliotrope coloured .sand anil clay, well bedded 

below. 



clunchy above, shown on maji, about 

. • 

18 

0 

Clunchy clay grading into thin bedded carbonaceous clay 



with ochre, about ..... 


0 

0 

C oal ... ..... 

• • 

1 

3 

Coal and carbonaceous ochreous shale 


(t 

9 

Ihuish sandy clay, about .... 

• 

25 

0 

below this at VII, comes:— 






Ft. In 

Coal ........ 

• • 

0 

1 

Carbonaceous clay , 

« • 

0 

3 

Coal ........ 

• • 

0 

8 

Carbonaceous clay ..... 

* 

0 

1 

Coal ........ 

• • 

0 10 
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These last five entries further down the 

stream 

are represented 



Ft. 

In. 

Coal, ot which to)) 4" is lightly imjmro . 

. 

1 

2 

(Ui’bonaccou.s shale . . . . . 


0 

4 

Coal ........ 


0 

9 

Ibirplo .shalo, about. ..... 

. 

11 

0 

Sandstonos with many clay parling.s. about . 

• 

, 2U 

0 

And below this at VTIT, are seen ;— 


FI. 

Til. 

Carl)oniiooous shale ..... 

• 

0 

6 

OoitI 


0 

9 

Carbonaceous shalo ..... 


. 0 

7 

Coal 


0 

11 


Continuing the section clownuvards, we liavc:— 

OcitrooiiH slialo ....... 

Clfiy w ith saniJ.stojio Icnticlos .... 

J coal ....... 

Ochroous .shalo aiul clay, about .... 


13 0 
11 0 
0 0 
3 0 


And at TX— 

(’oal. 

Uii«c(ni bods, routiihly about 

And at X, anotlier seam as follows :— 

Coal ....... 

(Urboiiaceou'^ clay .... 

Coal ....... 

Cai'boiiacoous clay .... 

(.'oal ........ 

r'arbonaccoiis alialc and clay, boltoni unseen 


2 1 
30 0 


0 

0 0 } 
0 ()i 

0 ]0,J 
0 8 


These arc the lowest beds exposed in the Yekyin Chaung. 1 
have not seen any good coal seams in the beds underlying this 
lowest scam. The exposures are poor. 

Proceeding down stream alojig the bed of the Chaung, we now 
recross upwards over the beds al)ovc described. 

At XI the seam previously s(>en at X is exposed. At XTI the 
previous entry Coal—2 ft. 1 in. is represented by 

Coal, SaTiiplc, No. 10 . . . . . . 1 10 

The dip here is at 33 degrees to 13G degrees E. of N. At XV is 
a mudstone with Cyrena shells, which forms a reef in the middle 
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of the stream bed, this reef dips at 50 decrees to lU) degrees east 
of north; the steep angle of dip being due to local rolling. 

Although I have noted all the thicknesses of the various seams 
in this portion of the Chaung, they do not appear to present any 
features of interest, and I have oiriitted them as unnecessary. 

Of the scams below those of the n)ain excavations it is now 
evident that with one exception all are less than 2 ft. thick and 
that they arc usually disint<;grated by partings of clay and 
carbonaceous shale. 

At XVI there is another abnormal dip of 47 degrees to 140 
Dips. degrees east of north. 

At XIV the dip is to 140 degrees E. of N. 

At XX the dip is at 28 degi’ees to IM degrees M. of N. This 
dip is more reliable than the dips at XV and XVI since it is taken 
from a thick bed of sandstone, while the others are from thin beds 
in shale, which are very apt to be crumpled and thus deceptive. 
We have seen that the dip at tiie Main Excavation No. 1 was at 29 
degrees t») 111 degrees E. of N. At II, the angle was 34 degrees. 
I think therefore that the true, dip of the main seams must be some 
figure between 29 and 31 degrees. The di]) of the lower seams 
is more apt to vary owing to rolling tlian that of the main seams, 
since the latter arc in part protected b}' the massive sandstone 
capping them. 

The dip in the Yaw liivcr at XXIV is at 39 degrees to 95 degrees 
E. of N. 

We may regard the general di]) of the coal-seams in the Lct- 
panhla field as about 30 degrees in the south, and as gradually 
increasing to about 40 degrees near the Yaw Eiv(*r. 

The main seam is over six feet thick for a distance of about half 
a jnilc in outcrop, and diminishes between 
abler****”* *** *'^***' Excavations No, 3 and No. I from about 6 ft. 

to 1 or U ft. For ])iir])oses of rough estima¬ 
tion of the quantity of coal available w<i n)ay su])pose tliat there 
is an outcrop of a 0 ft. scam half a mile in length and an outcrop 
of a 5 ft. seam one mile in length. 

U. The Tazu Field. 

The gently dipping scams running from north to south, west 
of the village of Tazu, were excavated in four stream sections in 
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the Shanthe, Kan, Thongwa and Ncwc Channgs. I commence 
by a description of the sections in the most northerly or the Shanthe 
(-haung. 

Excavation in the Shanthe Chaung .—The position of the seams 
is shown on plate 11, fig. 2. 

There arc three fairly good scams exposed here, and above these 
some poor worthless seams. At section No. I the lowest of the 
three seams is exposed and measures as follows :— 

Ft. In. 


(Jroy clay . 

Slijjrhtly imimre coal 
CarhoiiaccoiH clay 
Coal . 

Clay . 

Coal . 



5 0 



1 

0 

0 

0 

q 


3 

0 


3 

0 


Here the dip is at 12 degrees to 95 degrees K. of N. 


NotK. -In this and .all other sani])l(‘s, thr flay pailinys .irc not incliah'd in the 
.sample. 


At section II the upper of the three seams is exposed, it is :— 
Coal, containing two 1" clay partings ; Sample 17 . 4 (> 


The dip here is at 14 degrees to 80 degrees E. of N. 

4’hc middle of the three seams is exposed at section HI, it is :— 
Coal, with on(* 1" clay parting; Sample 1(1 . . . 3 0 

This is underlain with grey clay and f)verlain with clay and 
ochre. 4'hc dip is at 12 degrees to 95 degrees E. of N. 

Hection IV show's a w'orthless seam, situated above the three 
good seams above described. It is 


Coal ..........It) 

Purple ochrooiis shale . . . . . . .30 

Ciirhoiiacoous clay with striiig.s of coal . . . .20 

Coal.0 8 

Clay .......... 1 8 

(,Vjh 1 ..........Of) 

Clay, over 1 ft., bottom unseou. 


Section V also .show's a worthless upper scam, possibly the same 
as that of section IV. 
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The measiircmerit is:— 

Coal . *. 

Clay .... 
Coal .... 
Ocliieous clay 
Mixed coal and clay 
Clay .... 
Coal .... 
Clay, hottoiii uiisocn. 


Kt. In 

0 2 
0 4 
1 0 
;i 7 
2 4 
2 T) 
0 (i 


The dip is here at 13 decrees to 85 degrees E. of N. 

There are. a few other very thin seams in the stream sections, 
but they arc not worth describing. 'J’hc differences in dip obser¬ 
vations are to be accounted for by (!) experimental ciTor, (2) surface 
warping of .strata, and (3) pos.sibly actual rolling. 

Excavation in the Kan Chanruj. I nide E. S. W. of Tazn .—The 
position of the seams is shown on plate 11, fig. 1. 

In this .section the strata are rolled, so that a .small fold is pro¬ 
duced, This fold cannot however be called an anticline as it is 
confined to the soft coal-measures and is merely due to a roll in 
these soft beds produced b} horizontal movement of the sand¬ 
stones above over the beds below. The normal dip is to E. N. E. 
at angles varying from 10 to 15 degrees. Three abnormal dips 
shown on the map, I'/e., at 30'' to 220"^ E. of N. at .section 3 ; at 45° 
to 290° E. of N. a few yiirds further to the 8. \V., and at 30° to 250° 
at section 4 illustrate the roll of the strata. 

The seams are veiy badly exj)osed. At section No. 1 the mea¬ 
surements were :— 

ft. hi. 

C)chrcous coiil . . . . . • • .11 

Clay .......... 0 .3 

Coal. 0 9 .' 

Carlioiiaccmi.s clay, over 2 ft., lioKoni uii.'^ccn. 


At section No. 2 the following: - 


.Surface soil . . . . . . . .30 

(lelireous clay . . . . . • • .20 

Coal . . ^.0 0 

Carbonaceous slialc . , . . . . .10 

Coal . .10 

t.'arbonaceoiis .•'lialo . . . . . • . 0 0} 

Coal, tSain[>lu No. 14 , . . . . . ,30 
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At section 3 the measurements are :— 


I’t. In. 


Carbonaceous and Ochroous slialo. . . , 

Coal ^ 

Clay j 

Coal \ No. 13 ..... 

Clay I (b'oin the thnio coal seams, omitting clay 
(!oal ) partings). 

Cray clay, over 2 It., bottom unseen. 


2 8 | 
0 () 

0 2 
0 10 ^^ 
0 11 
1 10 > 


I have mentioned al)Ovc the abnormal dip.s in this section, 
which shoAV the roll of the strata. Nojinal dips arc ;— 

At A\atorfall — at In'" to 70" K. of N. 

N. \i. (»f fcioefion 3 — at KC to 7(|-’ K. of N. 

At section 1 — at 1,'i'^ to 7.3 " M. of .N. 


Excamdons in the Thontjtva Chiamj .—This section is shown on 
Plate 12, fig. 2. 

As will be seen from the map, the main coal seams are three in 
number, and are overlain by alternations of sandstone and shale. 
The measurements of the three main seams are ;— 


Ft, la. 


Upper scam— 


Impuro coal with gypsum ami oclu’o 

0 

0 

drey clay ....... 

0 

4 

Coal ........ 

0 

0 

C.'lay ........ 

0 

(i 

Qjal, Sample No. 21 . 

o 

w 

t) 

Botwoon the upper ami middlo .seann are .soon— 



(!lay and shale, about .... 

12 

0 

The mUldle main seam measures- 



Coal with one 1" parting . . . 

C 1 

i 

Impuro coal and carbonaceous shale . > iSamjile No. 20 


7 

Coal with one 1" lenticlo of clay . . J 

L 2 

1 

The scam is poorer below, and shows— 



droy clay ...... 

0 

10 

Coal with clay partings 

0 


Coal ....... 

0 

7 

Between the middle and the lower seam are— 



Shales, about. 

24 

0 
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Tiie lowci* seam measures as follows :— 


Vi. In. 


Coal. wiUi ono ]" ivivt.iji^ 4" I'rfnn to]) an 
at S" aiul ]' ‘.V from to|), iiial on 

2' r." 


1 1\\f> parti 
' '.I:/' partiiii^ at 


('lay . 
Impure foal 
('lav . 


I Ill pure foal 
Coal . 


:) 10 

0 o 

1 0 

1 L' 

<> o 

0 7 


Sli.ilo 


0 2 


('oa I . . . . . . . . . .04 

Slialo.0 2 

Coal ... .0 ;} 

C.ii luiuaf fon^ uilh coal \fm'' . . . .Of) 

Impnto coal . . . . . . . .Old 

Ca.rl)onai oons slialo a iMi linn veins ol fo.il . . .10 


('oa>l ...... 

CailioiiafOous .slialo 

Coal, bottom nnsoen. Hmo llif A\atfi- 
in llio pit. It i- piob.ible llial. tlii'^ 


If \ (il 
4 


was roai lifil 
is (liin. 


item 


0 0 
0 0 


From 4,lie ;i f|-,. |0 In. .scam iiolicd above Samjilc, No. 22 was 

taken. 

IjcIow these main scams other .scams arc cvposcd in the stream 
bed, none arc of any importance : tli«‘ thiclotst scam bcino more 
than U ft. in thickness. 

The (lip at the ox^iosures of the main scams is at 17'^ to 
E. of N. 

Exearalinns in llie Newe (IntayKj. -\ sk<it(*h map of this stream 
i.s ^.fiven on Plato 12, 1. 

This chaiinj^ runs more or Ic.ss alony tlic strike of the rocks, 
and there is ;i thick cov(U'inu; of alluvium ; the sections are there¬ 
fore not nearly so jfood as thos(^ of the Thonn;wa Chaiing, 

The main seams are exposed at excavations J, 2. and 3. 


0 
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At excavation .1, the sc(|nencc is slifjlitly confused by a small 
fault, but I obtained the following measurements :— 


Sandwtono . 

Coal Sainplo No 

<.!roy clay . 

Coal . 

Clay . 

Coal . 

Clay . 

(/oal . 

(’arhonacoous ulialo 
Coal • • • 

(vai’bonacoous clay 
Coal . 

Carbonaceous clay 
Coal ■ ■ • 


iS.inipIo No. ]1> 


J<’t. 

in. 

2 

0 


3.i 

3 

0 

I 

•> 

0 


0 

2 

0 


0 

rt 

0 

9 

2 

4 

0 

o 

2 

3 

0 

r} 

0 

7 


A few feet below this seam a third seam is exposed, which is 
however quite useless, the thickest bed of coal beiiig 8". We may 
therefore speak of two main seams in this area, viz., the upper, 
from which sample 18 was taken, and the lower, frojn which sample 
19 was taken. 

At excavation 2, the upper scam measures :— 

Ft. In- 


Coal ■ »•... 

81ialc . * • • . 

Coal ...... 

Slialo ..... 

Coal •».... 

Ochrcous clay .... 

Coal ...... 

Horo the lower seam is not exposed. 


0 2i 
0 3 
0 3 
0 3 
0 0 
0 H 

2 r> 


At excavation No. 3 the upper, and part of the lower seam is 
exposed. The measurements are :— 


Upper seam— Ft. In. 

Coal, with stone concretion in .seam . . . . 1 8^ 

Clay .......... 0 8 

Coal ...... ,.,.27 
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TIh' lf)A\or hraiu luoiuiiirt's :— 


Jiii])m '0 coal . . . . 



Ft. In. 

. 0 2 

f’liiy ...... 


• 

0 1 

Coal ...... 


. 

0 4.1 

(!lay ...... 



1 r> 

Coal ...... 


• 

. I HI 

CarhoiiiK C 01 IH shale 


• . 

0 11 

C(>:il, bottom luisi’nii, hut about . 


• 

. 2 t> 

Other thinner scams, situated 

helow 

tiiese 

main seams, 


exposed ill the duuiiiji, and liavn hoen iii<‘asiirod ; as however tlicv 
do not up}>oar to he of miy eeononiie ijiiportanee, 1 omit their 
dimensions. 


Near oxeavation No. 2, the dip is easterly at alioiit 20”. 

The coal-seams have not heen traced furtlier south tJian lati¬ 
tude 21° IT)', wliieli is the soiitliern lionndary of sheet 8‘l K-7. 
But tlie seams mi^ht he pro.spe(;ted soiitliwaids into tlie adjoining 
slieet witli advantage. The lower seam at excavation 1 riK'asnros 
nearly 7 ft., bnt is marred hy the fieipient partings. The upper 
seam shows im])rovement as one traces it southwards. At ex¬ 
cavation ] it is 2' oV' in thickness, while at (‘xcavation 3, it is 
2' 7" thick. 


Oihci' cx-posnrcfi .— There is a rather had exjiosnie of the coal in 
a trihutary of the Thongwa (Taiing, hetween it and the Kan Chaung. 
The ntain seams do not apjtear to he exposed on the Yaw'^ Kiver west 
of Tazu. Halfway hetween 3’azii and Kaingma on the south 
bank of the river, some poor seams are e.xposi'd ; these, I believe 
correspond to the low'er thinner seams of the Thongwa and Newe 
(.Tauniis. 


111. Analysis of Coal. 

I’hc twenty-tw'o samples of coal for analysis vrerc prepared 
and analysed under the supervision of Mr. A. K. Banerji, Assistant 
Curator, Geological Survey, from hulk sam]iles obtained by me in 
the field from those seams which in the lists of sections given above 

c2 
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J have marked as having Ix’en sampled. I Rive on this ]iaRe a table 
showi/iR the results of the analysis. 


Arndgsef! of Lelpanhbt and Tazii Coals. 


No. of 
Bam- 
j.le. 

i 

Vol.ltllo 

iii<(((er. 

1 

Fixed 

i-arljoii. 


Ukmarks, 

1 

1 

17-G7 

1 36 89 

33 60 

11-84 

Asli lij^lit brow 11 . 

2 

17-sr) 

1 ;}r»-6."i 

36 90 

10-60 

Ash dark brown. 

3 

1707 

j 36 39 

' 31-90 

12-64 

Ash }»i-ovvu. 

4 

17-38 

36-04 

37-98 

9 60 

1 Ash lieht brown. 

6 

18G4 

33-4G 

37-92 

1 

9-98 

Ash brown 

G 

15G3 

33-37 

29-32 

21-68 

j Ash redrlish brown. 

7 

17-30 

1 34-02 

36-02 

1 

12-66 

! 

' Ash (lark brown 

1 

8 

19-42 

32 06 

' 33-16 

16 36 

1 Ash brown. 

1 

9 

19G8 

34-38 

i 37-38 

8-.66 

Ash reddish lii’owii. 

10 

18-04 

36-20 

i 

3G-98 

9-78 

1 Ash brown. 

11 

19-22 

1 

j .37-04 

n-,36 

. A.sli biTiwn. 

12 

! 1502 ' 

1 1 

37-36 

1 

1 **"» *> ^ 

11.60 

Ash dark brown. 

13 

20-76 

i 1 

33-48 

1 

! 36-20 

9-66 

Asli brown. 

14 

1 1 

21-60 j 

32*54 

i 

36-96 j 

i 8-90 

1 Ash dark brown. 

if) 

21-19 1 

32-61 

31-04 ! 

12-26 

! Ash brown. 

IG 

18-9S i 

36-62 

34-44 

lO-OG 

Ash reddish brown. 

17 

21-33 1 

.34-73 

.36-22 

8-72 

Ash brown. 

18 

20-28 j 

1 

31-71 

39-26 

8-72 

Ash dark brown. 

19 

18-64 ; 

32-12 

36-60 

12-74 

Ash brown. 

20 

18-02 1 

36-06 , 

39-G4 

7-28 

Aah buff. 

21 

19-82 j 

31-98 J 

1 

37-64 

10-66 

A.sh lij^ht pinkish brown. 

00 

* 

_ l_ 

16-94 j 

33-(X) 

33-18 

10-88 i 

1 

1 

Ash brown. 


NoTK.--None of the above Kaniples cake. 
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Table showing the Sulphur exyntents of eight samples. 


No. of Sample. 

j 

j »S (ah iS Oa) 

y (as vSulphklo). 

Total Sulphur. 

1 

i 

! ();i95 

l-89(l 

1 

2-283 

7 

1*298 

2-C85 

:i-989 

!> 


1-800 

2-138 

11 

0 (598 

1 

1-910 

2 038 

i:{ 

Nut hi'p.i ratcly c,-.! im.Urd. 

2-778 

k; 

Ditto 

1 

1 ;{99 

IS 

Ditto 

i 

1 

i 

4 7S2 

2] 

1-219 

1 

1-412 

i 

o f>:2S 


Table showing the valonfir power of eight samples. 


of Samplo. 

( 'iiloritii* I’ouor 

(doli-i iiiiii(‘fl bv bomb ealoruiioler). 

1 

4S20 

7 

! 4.317 

!l 

i 40f)3 

11 

4784 

13 ^ 

-1.-199 

10 

1 4.319 

18 

48:i,3 

21 

4.310 


In order to ascertain Itow far the ])ercent:iuc of n)oisture 

could be reduced by sijuple drviii<f. two samples were ]:)owdered 
and air-dried for a week. Tlie test was not perhaps pei'fornied under 
very favourable conditions in the moist air of Calcutta during the 
rains. Sample 0 after air-dryiiig showed 12-36<’') of moisture, 
while sample 17 showed 15-o2% of moisture, as against 15-f)3% 
and 21-33%, respectively. 

iV. The value of the Coal-seams. 

In Vol. XXXTII of the Records of tlui Ceological Survey of 
India, two papers deal with occiirronces of coal in Burma, the 
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fields described being tlie Lasldo coal-field, and the Namina, Man- 
sang, and Man-se-le fields.^ 

The proximate analyses of these Shan State coals are strikingly 
similar to tlmse obtained from the Pakokku seams. Both show 

a remarkably liigli i)ercent.igc of moisture, and an excessive pro¬ 
portion of volatile matter as compared with fixed carbon. Tiie 

ash content is fairly low, but in all other respects the analysis is 
very disapjrointing. The Pakokku seams appear on the whole 
to have a higher jiercentage of sulphur. The sulphur has been 

estimated separately according as it occurs as sidphate or as sul¬ 
phide. The joints of the seams are fretpieutly filled with thin 
layers of gypsum, and probably all the sulphate occurs eitlnn* as 
gypsum or as soluble sulphate. Traces of iron pyrites are often 

v'siblc. 

Owing to thesis defects, the raw fiu'l may lie assumed to be 
unsuited for most purposes, e.xcept iierliajis for dressing tools in 
forges. The high percentage of sulphur is harmful (‘ven for this 
purpose. It could not compiite with coal imported to Up])er Burma 
from India, unless soTue expensive process of bricjuetting was 
resorted to. 

T’he coal can be mined in fairly hard and large lum])s, but thes(‘ 
rapidly crack to fragimuits on exposure to air, owing to tin*, loss of 
moisture. 

The roof of the seajns is not good, even where it is sandstone, 
the saiidstoin; is fairly soft. JOxp(insivc timbering would be jkiccs- 
sary. 

The distan(;e from the Jjctpanhla field to Seikpyu on the 
Irrawaddy Eiver is about miles over not very hilly country. 

Summing up therefore the various defects of these scams, we 
find 

(1) The scams are maired by frequent partings, making them 

expensive to work. 

(2) 'I'hc roof is poor, and w'ould require expensive timbering. 

(•‘1/ The quality of the coal is very poor owing to the high 

percentage of moisture, the small amount of fixed 
carbon, and the presence of excessive sulphur. 


1 Tho LfVKhio Cual-lieid, NorilK'rn Slian StaUiM, by I). La'^l’Diielio and ft. R. Simpson. 
(Aec., Qed. Snrv. !ml., X.XX1TT, p. 117.) 

The Nanima, Man-san'i:, and Afan-se-le (^oal-llclds, Nortliorn Shan Stales, Burma, 
by K. R. Simpson. {Uml, p, 
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(4) It is not near any railway and is 46 miles distant from 
the river. 

Against this, it is to be remembered that Bengal coal usually 
fetches well over Es. 20 per ton in Upper Burma and the Oil¬ 
fields, 1 may say unhesitatingly that this coal would be 
useless if situated in a similar position in India, but the high price of 
Indian coal in Upper Burma makes mo unwilling to condemn these 
fields, although I doubt very much that they are likely to prove 
of economic value for many years to come. 


EXPLANATION OF PLATES. 

Plate 5.—Pliotogr{ij)h Khow ing Excavation No. 1 in the Yokyin Chaiing. 

Pi,ATK U. —l’li<ttogra|Ji of the ste()j)ly dipping scams opposilo Tazu viJlago. 
Pi.ATK 7.- -The oxca\ations of tlie three main seams in the 'i'ht)ngwa Chaung. 
Pi-\TJC S. - Excavation No. 1 of the main seams in the Newo Chaung. 

I’l-ATK 9. —(Geological sections across geological map. 

Plate lO.- (Geological ma]) of i>art of I’akokkii district, from slioot 84 ^ . 

Ih^ATE II,- Eio. 1.— Sketch-map of the Kan Chaung, showing coal-seams. 

Fig. 2.—Skctcih-map of the Shantho (Ghaung, showing coal-seams, 
Eig. G{.- iilano table sketch-maji of the Coal-seams in the Yokyin 
(’haling and (he Yaw River, 

Plate 12.— Eig. 1.—Sketch map of the Newo and Yegyo Chaungs, showing 

seams. 

Fig. 2. —Sketch-map of the Thongwa Chaung, showing seams. 
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The Monazite Sands of Travancore. By G. H. 
Tipper, iM.A., F.G.S., Officiating Superintendent, 
Geological Survey (f India. (With Pkites i ^ to •7) 

INTRODUCTORY. 

rpill'j rluiniclit'r ol .siituls was (liscuvcii'd l*v 

i- .Ml. (\\. ScliojiiOuiu nrliiM*^ on hriiall nl the London ('osnio- 
]M)litan .Mining Svndicalc in tin* vt'ar iUOlK in I9()!l l() I had an 
o|»|ioil.nni(,y ot c.xajnininu tlwin anil tin- ohsinvalions (hen made aie 
enihodied in (his [)a|»er. I had no o[i[)oilunitv I'or e\(,ended neolo- 
i/ical work. Ah' results would base heen vcr\' nu'iitire hut lor the 
\e!'v in(,ercstinii si)(''-imens which friimds in 'riavaneore setit Jiie. 
1 would ])ar( ieularly thank Mr. II. P. llerheii, the then Alaininer 
of the Aloruan l'Juinba;j,o Co., and Alixssrs. E. Masillamani and I. ('. 
I'hacko, Stati! ({colonists. 

Geology of the State. 

The only easily acce.ssihle ]ia])ers dealing’: with (die j^eoloj^y ot 
Travancoie are by W. Kin^^ and K. It. Foote.“ Iteoimth' the re])ort>s 
oE the State ;^fcoJoe;ists have been pubiishi'd in Tri\'aiulrum. 

In its broad outlines tlie e^iiloy^' is viny simple, the Greater part 
oE the state being eon.stituted of j.in(Mssose, rocks (charnochites and 
leptvnites). Tlie.se gneissose rocks loirn the hiyh Jiill\’ and plateau 
country and also the low'er terraced plain, ta]lin<i gradualK' to sea- 
level. In addition to the dylce rocks associated W'ith the chanioc- 
kites, there are important jieginaliitc intrusions of much later date 
wdiich cut the older rocks and may [lossibly be ol the .same age as 
the ])egmatites of the Xellore district and othi'r ])arts of India. 

Re.sting on these Ajxdiaian rocks in the immedia(,e neighbourhood 
of the coa.st' are patches of Uj)|)er Tertiary strata (the AVarkalli 
beds) which correspond to the (hiddalore sandstones. At the type 

1 W. King, (t'lu'i'.il iSkolcli of tlio (t'o(ogy of llio 'l'ra.\tiinorc* ,St,i,lo, and 11ii» Warkalli 
l)ods and rojioi'tod nasoi iatod depo.sils al Quilon in 1'ravaiu'oiT. JCr., (leal. iSurc. Ind., 
XV, 87 and IW, 1SH2. 

2 R. B. Koolo.’('he (i,?ology of iSonlh 'I’rav’^anooio. 7fcc., OW. Surv. Ind., XVI, 120, 
1888. 
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locality these beds closely l•(‘se^t).ble those forioinj' at the puisent 
day. ()[ still later date aie the older consolidated blown sands, 
{ieneraily bright red in colour: the. esluariiie and marine bods 
describ(‘d by It. B, Foote trom iK'ar (^a]ie (’ornorin. 

The coloured and varieoated sajids* of the ct)ast were commented 
on hy both King and Foote. 


Distribution of the Monazitc. 

.M(tna/ite j.s \\idel\- distrihuled over tin- statti. Shows of tin; 
minejid can he ohiamed l)v washing the sands of manv ol the rivers 
and stuMins and it is |)ics<“nt in small ijiiantities in th<* soil in manv 
localil.i(‘s. W'idelv disti ihiiteii tliongli it is, there an* onl\ a few' 
]»la.C('s whcie (eiu<-ntr;).tii'n h;i.s gi\<‘n use t<t (h'posits of siilficitmt 
ricliiicss to be calleil mona/Jle sands. These |)jaces are all in the 
vieiiutN' o| the s<‘a-e()ast. \o cojicentiates se(‘rn 1o occur in anv of 
the iiV4“is. 

Distribution of the l^tonazite Sands. 

Frimi a point on tlu* south-east (‘oast wlu'.re th<i state marches 
with t.he district of 'rimievelh’ to (^)nilon on tlu; west coast live depo¬ 
sits were seen. Tlu'v may he brielly designated : - 

(*a])»‘ Coniorin Liparum 
Muttum Pudur 
Kovilam 

Anj(*.ugo—Warkalli 
Nindikarai (Quilon). 

Between these productive spots there are. Jong stretches of barren 
sand with only faint traces of monazitc. 

General Character of the Sands. 

Although each deposit has certain pi'ciilianties, all present a 
gieat many features in cominoii. In colour tlw'V are usually black 
due to the presence in |)redominating quantities of magnetite and 
ilnicnite. 'They arc sometinu's red when gaiiu'-ts are in excess. 
Where tliere is abundance of quartz or calcite, a grey sand is pro¬ 
duced. Excess of monazitc gives o yellowish tinge. The other 

may be ot iuiwo.'st (o nolo lliut. samples of t.he.s(5 sands wero colleotod by W. King 
and it. J3. Kooto in 1882, tin? monazite boing idoutifi(?d as zircon. 
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commonly occuriing miiioral in the sands is zircon, but practically 
all the constitiiMit minerals ol the Areha*an rocks can be found in 
one or other of th(! dejjosits. The zircons often show crystal 
outlines, while the othei- minerals are usually rounded. The mona- 
zite in particular is aK\ays well rounded, and after an examination 
of many sands 1 have never seen a specimen which showed any ap¬ 
proach to crystal outline. If the relative hardnesses of the com¬ 
monly associated minejals are compared, it will be seen that niona- 
zite is softer than aluiost all of them. With the exception of quartz 
and calcito, the densities of the mine.rals vary from 3 to 5'5. 

Physical Character of the Monazite. 

In the sands the monazite. ocfuii'S as small rounded grains (Plate 
13, 1) varyin<i; from ()■ 1 to {)-2 millimetres in diameter. Cer¬ 

tain deposits are characterised by the constant presei\ce of larger, or 
smaller, or irre^iularly sliapeJ, grains. Its colour is best described 
as resembling amber. Its density is 5-191. Its refractive index is 
very high. It invariably shows an absorption spectrum in which 
the didymium lines are well marked. This fact was made use of in 
the field and in the laboratory for the identification of grains and 
thin sections. I^'or the held a Hrovvning direct vision spectroscope 
wtis used. It is quite easy to separate a few grains on the page of a 
pocket-book and, in bright sunlight, to get a spectrum at once. Por 
laboratory work a Swift direct vision instrument was first used in 
connection with a Dick pitrological microscope. One of the great 
advantage's of this apjiaratus is that it is provided with a slit move¬ 
able ill tivo directions so that even a small grain wdll fill the aperture. 
The sjiectroscope does not give sufficient dispersion for fine 
work. More recently a llilger siicctroscopc has been used, fitted 
with a comparison scale. This instrument leaves nothing to be 
desired. 


Other Accumulations containing Monazite. 

Sami Dunes — Considering that these dunes represent material 
blown from the shore, it is merely a question of the relative sizes of 
grains of diileient minerals, assuming that they are all the same 
shape, as to whether the wind is strong enough to drive them along 
If the grains are considenid to be approximately spht'.rical, the 
relative volumes of quartz and monazite whicli can be moved by 
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the same wind arc as 2 : 1. In nature tilings are not so simple, but 
it seems probable that a gi-ound wind such as often blows along the 
coast at Cape Comorin moves rounded grains more readily than 
flakes or angular fragments. With a high wind such as will raise a 
sand storm conditions are reversed and angular fragments tend to be 
more easily raised and blown. At any rate both pi'ocesses have the 
same efl’ect, the gradual accumulation of material some distance 
away from the sea shore. The grinding action of the waves on the 
minei-als of the sands eventually reduces them to such a size that 
tlu'y can be moved along by the wind. The action of the wind is 
not possible until the sun has dried the top layers of sand. Wet 
sand seems to be unacted on. Band dunes arc well seen at Cape 
Comorin, between Muttum and Colachel, at Anjengo and many 
otluu- localities along the coast. The amount of material in these 
dunes is considerable, with a very fair percentage of monazite in 
])laces near concentrated sands. The dilTerenco in size between the 
lighter minerals such as (piartz and calcite and the heavier such as 
monazite, ilmcnitc and magnetite could easily be made use of as a 
m(*ans of obtaining a monazite concentrate. It is hardly necessary 
to point out that the monazite in the dunes is not lost but may by a 
reversal of conditions be returned to the beach. 

The older Dunes.—-At Cape (.Vunorin and at Muttum there arc 
older dunes at a higher level than those forming at the present 
day. They are bright red in colour, due partly to the decoiiijiosition 
of the iron-bearing minerals they contain and partly to the red 
latcritic dust blown and washed on to them. These dunes are more 
solid than those of the present da}', but have obviously be.en formed 
in the same manner. The proportion of monazite they carry seems 
to be greater. At Cape Comorin they are rapidly coming under 
cultivation and it is possible to obtain a good concentrate from 
the irrigation channels bordering each field. At Muttum they are 
too high above the surrounding country to be of much use. They 
bear a few palmyra palms. At both places they are being 
rapidly denuded and the monazite is returning to the sea beach. 

On the low cliffs south of the Eesidency at Cape Comorin there 
is a very interesting rock. Jt is a blown sand cemented by calcitc to 
a hard compact material. In some of its ujiper layers it contains 
land shells of the genus Helix. 3’he main mass of the rock is of the 
minerals of the beach, generally rounded and including monazite, 
ilmcnitc, magnetite, garnet and quartz. In addition there are many 
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oalciireous fragments of organic origin iiieliulijig worn foraminifera. 
(Plate 13, fig. 2.) 

Older Concentrateski the l)asc of the Warkalli clilT. at the time 
of my visit, tliere was exposed a dark In'own fiMi'iigiiums grit whicli 
on doscr examination was seen to lie c()m[)()sed V(n v largely of the 


minerals of the jiresont beaeli, dmenite 


magnetite, garnet 


and 


monazite, the latter in som<^ ipiantity. It was obvious that hero 
was exposed an old lieacli corie.entrati'. and its d<‘gradation by wave 
action was undoubtedly adding l.o the monazite. content of the 
shore. 'Hk*. Warkalli clilf iziv^'s the lollowing g<‘inMalised si'c.tion. 
At the to]> is a tliick band of latmitoid mai.m'iak siicc.eoih'd by 
dark coloured clays with liL'iiite logs and iron pciite.s. At tlui 
base is the old S('a beach 'riu* cla\ Ix'ds are so similar to those 
form.ng at the. ])r<‘S(‘tit day m tlu' backwateis that it is im])ossible 
to resist the, conclusion that this was really their origin. 'Hie beds 
at Warkalli then give evidence of a change, from b(>ac,h conditions 
to „terrestrial and finally of elevation of the deposits so formed 
to^their jircsent position. A similar section is se.iMi near Villenjcn. 
It is possible that similar older concentrates occur at the base of 
the late Tertiary beds in other places. 


J have described these older rh'.jiosits at some length Ixmause 1 
see in tliem proof that the present-day conditions of concmitration 
on the sea beach are mc'rely a continuation -d older conditions. In 
other words 1 beliex’o that the monazite has beim on the same places 
for some considerable period of time. 


The Rivers in relation to the Monazite deposits. 

With one cxccjition, the dejiosits described ai'<‘ not associated 
with any large stn'am and at the piesent time it is diHieiilt to sei; 
how the heavy minerals washed out of the jocks and soil can reach 
the sea in any (.[uautitv, since the rivers empty themselves into in¬ 
land lagoons and backwaters. These large liodies of water are, in 
the winter season at least, completely cut olT from the sea by bars. 
T’he bar may possibly be Ijroken down during the flood season. 
Even then it seems almost impossible for the cuu’eut of a river to be 
strong enough to carry the hcaA\y mineral particles through a lagoon 
or backwater to the sea. The check on the eiirreiit at the moment 
of entry to a larger body of comparatively still water must be so 
groat that the major portion of the burden is dropped. 1 repeat 



Part 3.] Tipper: 7'he Monaziie Sands o/T? 'a van core. 


191 


that luidcr pi[’os('nt civcuni.stancos 1 am uiiahh'. to believe tliore is any 
addition to the Jteavier minerals of the beach. 

If a map of Travaneor<; is e.xamined, it will ]je seen that the 
backwaters on the west coast are elongated in a direetion ])arallel to 
the coast and that their months ar<’ some distance southward. 
Where no baekwatei- lias been formed, the stieam itself lias been 
dedeeted for sonn* distance towards the south, 'rhese facts indicate 
a stronjj; set of currents running from north to south alon<> the coast 
and causing a ])ilin_<; ii]) of accumulations in that direction. On the 
east coast of India the set of the currents is from south to noith with 
a transfere.nci' of material in that direction. 

With the e.vccption of the Anjeii}i,o-AVarkalli deposit, all the 
other mona/.ife sands are accumulated to th<‘ north of and in amongst 
the. few rochy ])roTnont(M k's there aie on I,he west coast. The Cape, 
('omoriii mass is laiieht up in the bays and rocks of the east coast 
wdiere the .set of the curient ch.anyes. 'I'liis position of accumula¬ 
tion at lir.st appi'ar.s anomalous, but it is ajiparent on (‘onsideratiou 
that there is the jiositimi of <j,reater scour. This is shown by the 
fact that the ]>ro(ile of the, beach is invaiiably steepei- in th(‘se places 
than in tlie lon^i stretches of unproductive sands whiidi separate 
them. If this ereatei' scour is conceded, tlien it follows that a part 
of the lighter minerals is not de])nsited but carried on. The effect 
of this Seoul must sooner or later cea.se. as tin* (‘oast becomes more 
and mori' unifoim in outliiu' The Nindikarai de])()sit is bcine 
eradiially cut od from, the conctuitratine action b\' the accumula¬ 
tion ol a shallow shelving beach of mdinarv .■'and. 

The Anjimuo A\arkalli deposit is <‘\cc])tional Ix'caii.se it owes 
its monazite 1o the denudation of older concentinti's in the imme¬ 
diate nei;;h bom hood. It dilfers from anv of tin* other monazite 
.saiiidiS in ha\'ini.l a. \('rv much hiidiei' propoii.ion oJ tlii' ordinary 
lijyihter mineials. It is an oulinary Ix'acli sand wuth an (Exceptional 
amount of monazite. 

The Nofth»east and South=west Monsoons. 

The (juie.scent period of the north-east monsoon is the time when 
1 ladievc th<' actual concentration proceeds at its greatest rate. 
The action of the currents alone, the coa.st is not interrupted by 
violent winds. The .sorting action of the waves is .seen at its best, 
ft is during Ihis period that the greater slope of the bcacli comes 
into play. The under-tow of the waves gradually pulls the 
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lighter materials down this sIojm; leaving a concentrate of heavier 
minerals. The continuation of the process will sort the material 
still further until only the most dense are left. Near Caj)e Comorin 
at low tide, the heacli is often a gli.stcning mass of rounded grains of 
yellow monazito. Tlic continual wear and tear of the grains against 
one another produces the rounded forms so diaractcristic of tliese 
sands. It is possible that the concentrate is continued for some 
distance below low water lev<'l. On the shallower slopes where the 
unproductive sands are, the selective action of the wav(is is prac¬ 
tically nil. The inclined plane is of such low angle that the under- 
suck is of no effect. 

T had no opportunity of seeing the Travancore coast during the 
south-west monsoon. The following not<vs deal with probabilities 
and not with observed facts. At this season the direction of the 
wind is at right angles to that of th<^ c.urn'uts. The winds are also 
more violent than those of the north-east monsoon. The probable 
effect w'ill be the hea])ing up of ordinary beach material ov»',r the 
whole coast including the coiUMuitiated sands. The concentrated 
sands arc not solid monazite sands, but in section are. seen to be com¬ 
posed of concentrated lavers of varying thickness separated l)y lavers 
of unsorted beach material. During a long continued south-w^st 
monsoon one may assume tlu; accumulation of so much ordinary 
sand that the north-east uionsoon conditions are unable to co])e 
with more than the uppe.r part, 'riiere would then be left an un- 
sortod layer of white sand between two sorted lavers of black sand. 

A thick layer of concentrated sand indicates a long continued period 
of (piieseent conditions. 


Origin of the Monazite. 

Monazite was first discovered in. sllii by Mr. llcrbei“t in asso¬ 
ciation w'ith the gra})hito of south Travancore. Later bh Masilla- 
mani found it in the younger pegmatites. I saw-^ only one of these 
occurrences and the following description is based on specimens 
sent to me. These seem to be of sulficient interest to justify the 
notes. 

There does not seem to be any evidence that the pegmatite in¬ 
trusions follow' any particular direction, but it is probable that they 
bear some relation to the strike of the gneissose rocks. The in¬ 
trusive masses occasionally attain a considerable size and as is 
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common in all pe{>matites the minerals tend to segreji^atc. The 
quartz is sometimes dark brown or reddish in colour with parallel 
rows of minute inclusions. The felspar is usually decomposed, but 
seems to be often pei-thitic, or an interp;row'th of tw'o dilTerent fels¬ 
pars. Occasionally it forms a inicrop:rapliic interjirowth with the 
quartz. In one case it seems to be albite, in which the twin lamellaj 
fade aw^iy before they reach the cd<^o of the crystal. 'Fhe biotite 
is of a dark bronze colour and forms conspicuous patches in the rock. 
The mica is rarely sudiciently well developed to be w'orth w'orking. 
Ilmcnite when present also foims segregation iiatches. The monazito 
has been the first mineral to crystallise b\it it rarely sliow's good 
crystal forms. It lias been found in the, mid<l1e of quartz (Plate 14, 
fig. 1) and in felspar (Plate 14, fig. 2). In the latter case it is sur¬ 
rounded by an aureole of decomposition and sliows multiple twin¬ 
ning. When biotite and ilmcnite are present, it seems to associate 
itself with these minerals (Plate 15, figs. 1 and 2). 

The association with graphite is interesting. In the graphite 
mine at Vellanad. Ifi miles north-east of Trivandrum, monazite w^as 
found in a rock filling a fault crack. T’his rock (Plate 10, fig. 1) is 
composed mainly of brownisli crystals of monazite in a matrix of 
fels])ar wnth a little quartz. Thin veins of graphite cut the rock 
and are later than either of the other minerals. The monazite, 
yellow in tliin sections, is often twinned and encloses small ])atche8 
of a reddish-yellow mineral which 1 suggest mav be thorium silicate. 
On its discovery this rock was siqqwsed to he entirc'ly secondary. 
It is more probably a very rich patch of monazitc-b(‘aring pegmatite. 

The remaining specimens (Plate 16, fig. 2) show' rnojiazite occur¬ 
ring as small veins in masses of giaphite. In tliese the monazite 
looks difierent and has a decid(‘d gieenish tinge. It may be secon¬ 
dary. There does seem, liowever, to be in 'J’ravam^ore some con¬ 
nection between the pegmatite intrusioiis and graphite. It is pos¬ 
sible to obtain pegmatites showing large. ])seudo-ci'ystals of graphite 
which look in every way original. It is, however, impossible to 
say w^hctlicr the largo vein masses lately mined were due to the 
intrusions. 

The monazite in all the slides is yellow in colour. It has one per¬ 
fect cleavage parallel to a and the twinning plane is parallel to this 
cleavage. The refractive index by van dor Koik’s method is about 
1-81. The fluid used was methylene iodide saturated with sulphur. 
It is optically positive. 
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Possibility of Occurrence in the gneissose rocks. 

After my examination of tli(‘ monazite sands I came to the con- 
clusioji that the mineral must ocenr as an accessory in the oncis- 
sos<^ rocks wliich occu])y so )ari-e a ])art of the state. It seemed to 
me that iji this way only could one account f(»r a mineial so widely 
.spread and so ahnndant. I have been unable to verify this suppo¬ 
sition i)V an examination (tf such rocks as 1 was able to collect ; I 
was unable to trace it lutlier in slides or concentrates. In spite of 
this uejiativi' evidenci* I do not yet think it ])i'oved that nionazite 
does not occur in the gueissose||rocks. 

Analyses. 

The estimation of the thorium content of the mouazite Avas 
uiidertakeu by J)r. W. A. K. Chiistie. 'I'he material selected was 
not a sand or a couceutratr* I'ut was prepared Irom a speeimmi com¬ 
posed of monazite, felspar, a litte (jiiai4z and yra])hite. It was first 
hand-picked and then th<‘. separ'atiou completed wnth a heavy liquid 
(Sonstadt’s solution). It was thus possibh' to prepar<‘ monazite 
free from zircon or any other mineral likely to complicate the 
analysis. 

The method employed was that of Benz (Zc/7. /ur aiKjeio. Cheni., 
XV, ti97, 1902). The amount of thorium prr'sent as ThO.^ is b-OO 
percent. The silica ])erceutajj,e is I-bo. The molecular ratio 1TO., : 
SiO is 1 : 1-b'b a ri'sult in clos<' a^reometili with that of IVnIield 
{Amer. Jour. Scl.. ser. 2. XXIV. 2r)(». bS82). Th<i thorium is pre¬ 
sent as a normal silicate. 

l\vo analyses were publislu'd in the Bulletin of the luqx'rial 
Institute, XT, 10:l 5. 1911, without anv author’s name. 'I’hc! 
amounts of thoria present in two sanqiles of mauiuticallv separated 
sand were res])ectiv(‘ly H-b prr cent, and lO-()8 p<‘r cent. 

Uecently S. .1. .lohnstone {Jour. Soe. Chew. Iwl.. XXXllT, 
No. 2, b7, 1914) 10-22 per cent, and 8-Ob per cent, as the 

thoria contents of two samples of Tr:i.vancoie monazite. isolatr'd from 
concentrates. 

These results indicate a considerable variation in the amount of 
thoria present in 1'ravancorc monazite. 

Distribution of Monazite in other parts of India. 

The followune; notes arc based on (‘.xamination of a number of 
sands and concmitrates biou‘'ht to (’alcutta at rlilfeient times. 
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From what has already hecMi writtcMi it seems natural to cojicJude 
that monazite is most likely to occur in those part ol India whore 
charnockites arc well developed. Tlie sands have, however, not 
been collected with sulHcient care to settle the (jue.stion accurately. 
Of the States and districts bordcrinfi on 1’ravaneore, sands from 
(Whin (K. K. Sen-(lu])ta) did not show any trace, while it occurs 
widely in the Tinnevelly district (H. li. Foote) in the older dunes, 
in the dry beds of stieains draining eastward from the hills (K. (!. 
Biswas and H. A. Pearson) and in the. Ix'ach sands wliere they liave 
undergone slight concentration. It has not been noticed in the sands 
from ICnnoi-e near Madras. It occurs in the streaks of black .sand at 
Waliair (S. W. KeinjA and at Bimlipatam (F. (^ross). (Similar 
str<‘aks near the enti'ancci to the Chilka lake, in Orissa also contain it 
(N. Anmuidah'). ('^aiuls from the ])egmatite districts of Nellorc and 
Bihar and Ori.ssa hav'e so far faih'd to yield any trace. It occurs 
sparinglv in concentrates fiorn Tdar, (Vrntral India ((^ (S. Middle- 
miss). No monazite was found in washed .sands fi'om the lndu.s 
river above Attock (('. M W Wright). (A)ncentiates obtained during 
the course of tin dredging in Southern Burma have not shown it. 
One of these <‘oncentrates was (‘xtremely itd,cresting as it consisted 
almost wholly <>f topaz in small crv.stals and cleayage flakes (J. K, 
Booth ).^ 


Finally I should like to express my somewhat 
all those, ollicials and others, who made niv stay in 
sant, and i)aiticularlv to tiu' llon'ble Mr. IP 0. i'. 
dent at Trivandrum. 


belated thanks to 
'JVavanc(tie plea- 
Carr, then Besi- 


hxplanation of plates. 

PLATE 13. 

Fio. 1.—Mona/.ito gi-.-iins .separated m.agnolically from .sand, Liparum, near Cape 
(V)mnrin. 

Fio. 2. -Blown sand comontod by calcito, Capo Comorin. 

* In dealing willi conreidrafes, it i,s often .an adv.aiUago to ho .aide to obtain a peetion of 
somo of tlio conslituonis. 'J’hia oaii be <l<ino t)y eiiiboddiiig lliein in niodera((‘ly fluid 
plaster of Pari.s. After the ])laster has .set., it. i.s kept for at least, a day in fluid Canaila 
batsam at a fairly liigli i<mip(Ta(im) (107°(!) to allow the balsam to penetrate thoroughly. 
A thin section ran then he niaile by rubbing down in the usual way. This method pre¬ 
vents the fearing out ((f grains as hap])ens if hats,am aloiio i« n.sed. It may ho poinltsl out 
that undur tins ireameiit the jjlasli.r ol P.H'is eonmieiKS's (o crysl.alh.se in bundles of liuo 
no«*dle.s. 


4) 
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I'LATK 14. 

Kkj. 1. -Moiw.ito iM from :i, poiinuililo iioiir (vest of ) K,s]fin«Umiinji;al{ini, 

'I’ov.ila T.iliK). South 'rr.u.uicoro. 

Fro. 1*. 'ruiimod moii.i/i(t‘ iti j('J.s|>iH'. S;imo loc,ilil\. 

['[.ATF If). 

l''io. 1. Monazilt; ii) liiolilo. .sof>roj>;i,tioi) p;itcli in 

Asliamhoo Toil lOstato roud, Soiilh Tiavaiifuio. 

Flo. 'J.—.Vfoiiazito ))oiim:iU1»‘. mona/ilo in cuiilin t willi InollU! and ilmonUo. 

I'f.ATF J6. 

Flfl. I.—.MonaziUi f<4s|jai rook \ulli a Id,tl«» LOMphito. 

Voll.i'ial. It) milos iiorih-o.k'^t. ol Triv.iiidnim. 

Fia. 2.—Alojiazilo wilh ^i.tpliilo. Saino Iccalit). 

FliATK 17. 

Map shoA iiiif fill'(li.^lril)iilioii of llio monaziio sands, sand dinuis, older dimos 
and Warkalli beds m Fravanron'. 
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A Lower Cretaceous Fauna from the Himalayan 
Gieumal Sandsi'one together with a descrip¬ 
tion OF A FEW FOSSILS FROM THE CHIKKIM SERIES, 
BY Dr. Albrecht Spitz (Vienna). Translated by 
E. Vredenburg, B.L., B.Sc., F.G.S., Siiperintciideiil, 
Geologltdl Survey of India. (With Plates i8 and k; 
and text ligures 4-11.) 

T he .speciiiHMis (leKCTihcd in tlie following pages include the 
collections obtained in S])iti, partly by Stoliczha,^ partly in 
more rec<mt times, by KralTt and JTaydeii; they also include some of 
(h'iesbach’s eolloctions t’roni llundos. The specimens were sent to 
Vienna togetlicv with the fauna from tlie Spiti Shales. T am deeply 
indebted to the kindness of the, lat4' Professor Uhlig for entrusting 
me with the revision of the ]iresent fauna. 

Some time ju-evions to the ]>nblication of the work in which 
Stoliezka first established the mam outlines of the geoloyy of Spiti, 
fossils from the Hieuiizal sandstone had already been described, by 
Blanfoid“ and by Balter,^ but they were united wlih Jurassic fossils 
from till' Spiti Sliales as though behmging to a singh^ palaeontological 
zoiKi. Precise strati graphical details were first published iji lH6(i 
by Stoliezka, who described from the Hieunial sandstone a few 
bivalves of indifferent value for determining the ago of the rocks. 
In e<mse<pience of the middle Jurassic age tiicji attributed to the 
Spiti Shales, the immediately overlying Uieuinal sandstone w'as 
regarded as upper Jurassic. In later years this error w%as rectified. 
(Irie.sbach ^ considered that the deposition of tin* Uieumal sandstone 
commenced in upper tithonian tiir.es ; Oldliam *’ spoke of it as 
“ possibly ” Cretaceous. As a result of Uhlig’s study of the fauna 
of the iSpiti Shales, the Cretaceous age of the Gieumal sandstone w'as 


^ Stoliozka publiKlied a list of the forms which he identified in Ultiti., tiuu., 

India, Vol. V, 1866, jrnpe.s 112, el scq. 

* Jomnnl, Asiatic Society of Bengal, 186:1, p. 124. 

® Piila'ontology of Niti, 1865, p. 89. 

M.c. 

* Mem., Geol. Svrr., India, Vol. XX111, 1891, p. 80. 

* Geology of India, 1893, p. 294. 
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at last definitely ostal)lishcd by Diener,^ and this view has now met 
with general acceptance.- 'I’lic overlying (Jliikkini scries, consisting 
of limestones and shales had already been referred to the Cretaceous 
by Stoliezka on account of the Foraniinifcra and lludistai® which it 
contains. 

A.—THE QIEUMAL SANDSTONE. 

1’he s])ecinicns communicated to me indicate that in Spiti as well 
as in llundes'* the (lieumal standstone contains three lithological types 
connected by intermediate gradations, each of which contains a 
characteristic assemblage of fossils ;— 

(1) A coarse, porous, calcareous sandstone of an ochreous colour 

due to its feiruginous contents, with conspicuous grains 
of white quartz ; fossils are plentiful and relatively well 
preserved. 

(2) A darker-coloured, grey rock, siliceo-calcareous, and always 

somewhat ferruginous which one might describe as a fine¬ 
grained grauwackc-slate ; it contains flakes of muscovite, 
'rhis variety as well as 

(3) a light-grey, non-fenuginous quartzite or quartz-slate, poor 

in lime, is crowded with badly preserved fossils, mostly 
casts and impressions. 

Since the second type of rock has yielded fossils indicating 
different chronological hojizous. it appears evident that these three 
divisions are connected with facies and not with stages. 

The fossils from each of these divisions will be c«jnsidei'ed sepa¬ 
rately. 

I. SOE'r SANDSTONE. 

Cardium (tieumalknsk, n.f., PI. 18, fig, 5, a, b, c. 

A large form with remarkably small, rounded, symmetrically 
situated umbo, anteriorly to which there is a shallow furrow which 
becomes more pronounced as the shell grows larger and which extends 
obliquely (in the direction of tlic radial striations) downwards. The 
ornamentation consists of numerous, crowded radial ribs, in the 
intervals betAveeii which finer ribs are regularly intercalated These 

* Denkschrijt Wiener Akad. d. Wif>^enf>ch, 189.^, pp, .')5, 56. 

*See Hayden, Mem , 6eol. Surv., India, Vol. XXXVI, 1904, p. 86. 

a (l.c..p. 116.) 

*See Griesbacb. Mem., Heel Suu'.. India, Vol. XXIII, p, 80, 



Part 3,] Spitz: P'auna from Gieumal Sandstone. 


199 


are crossed by concentric striations o{ varying degrees of fineness. 
3’he shell is strongly convex. Largo, specimens sometimes exhibit 
irregularities in the convexity towards the inferior margin together 
with some waviness of the ribs. 'Phe hinge exhibits the normal 
characters of the genus. 

This beautiful species is distinguished from all other Cretaceous 
species of Cardinal by its feebly prominent, centrally situated umbo, 
by its regularly alternating sculpture, and the absence of nodosities. 
'I'lic nearest ally is Cardinal Luadtireni V^ogel I'roin the upper aiucro- 
/m?«-cha!k of Holland distinguished by a larger umbo, dilfcrent orna¬ 
mentation and greatm- breadth. (*ardiaai CoffaUiaaai d’Orb, from 
the Lower Greensand, as figured by Woods,' has the same shape as the 
Indian fossils, but the ribs are all of eipial width. 

Cardium GienmaUm.se is the commonest fossil from the soft sand¬ 
stone. .ft also occurs in the quartzite, Lingti river. Stoliezka and 

Kraiit-Havden collections. 

•/ 

Cardium cf. Gieumalense, n.f, PI. 18, fig. 4. 

This form is closely related to the above, from which it is distin¬ 
guished by its more pointed, l(‘ss symmetrically situated umbo, and 
especially by its much feebler convexity. 

The related Cardinal seravpnsfnlosuai Miill.*^ from the lower Senonian 
entirely differs in its ornamentation, as is also the case with Cardium 
'pullalvm Stol.'* from the “ 'Prichinopoly grou]).” 

Numerous sjiecimens. Gieumal. KraiTt-llaydcn collection. 

(Cardium n. sp. Ind. PI. 18, lig. 8. 

'Phis form is represented only by a single left valve with sub- 
central, depressed umbo, slightly deflected anteriorly. The outline is 
orbicular. The rather weathered ornamentation consists of alternately 
broader and narrower straight ribs. Only one lateral tooth of the 
hinge is visible. This is also a very distinct form; related species, 
such as Cardium scrobiculatum Stol."* from the Trichinopoly group, 
differ by their more prominent umbo and their oniamentation. 

Only one specimen. Gieumal. Krafft-Hayden collection. 

* Uret. Lamollibr. of England, Pal. Soc., 1908, pi. XXXII, fig. 11. 

“ Holzapfel, Mollusken d. Aacliener Kreide, Palatontogr. Vol. XXXV, pi. XVIIT, 
figs. 11, 12. 

® CrotaccouH of .Southern India, Pnlauml. htd., Vol. Ill, pi. 11, fig.^. 8-10. 

* Cretaeeouu of Southern India, Pulceonl. Jnd., Vol. ill, pi. 11, tig. 14. 
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(Mrea up. Stoliczka. Memoirs, Geol. Sun'., India, V(»l. V, 

p. 111. 

Tlii.s ,sli<‘ll mifortiiiiutcly exhibits only its intcniul c.liaijicters ; the 
cu'ritrii! ])()rtioii of the specimen is smootli, A\hile coaisc folds arc 
developed round its inaruin. So far as any determination is at all 
possible, it M’ould seem to be related to the group of (M/rea '‘Minos 
Co([uand^ or to tliat of (hfiia Ba/randei (.'o((uand.“ 

Only one specimen, tlieumal. Stoliezka (‘ollcction. 


ai1. Ha\LK i (irKfi. Tl. IS, lig.s. />, ’I. 

riiohat-Loriol, hit. iStoit. et pal. d'Angola, Mem. Soe. dr /digs, ct 
de .science, nat. de Genrce, \"ol. ‘30. No, '2, pi. V, jigs. lO 21, p. 03. 

Two lower valves ri'call the aliovementioned foiin by their com¬ 
pletely rounded spherical umbo and tlie absence of a lateral lobe, but 
they differ owing to their narrower shape. They exhibit coarse con¬ 
centric swellings. 

Griffheca Baylei apjicars to occur at Angola in the. up[ier Cretace¬ 
ous. Coquand has illustrated a flat shell which greatlv resembles the 
upjiei' valve of the, Indian form, though witliout any radial .striations, 
and whicli may be specilically identical.'' 

Oicumal, Kralft-llayden collection. 

All the other remains of Ostreidn? are unfortunately imdetej-miu- 
able (including the one mentioned by Stoliezka'* as Gri/phnn sp.). 

Tecten sp. n. 18, fig. 22. 

The shape closely recalls Perten Agnssizi Pictet and horioP ; the 
ornamentation, however, is different, the Indian fossil exhibits rather 
widespread, fine radial ribs alternating with still finei ones; traces 
of ribliing are discernible with the aid of a lens. This kind of orna¬ 
mentation. wdiich so frequently occurs amongst the (fieuinal fossils 
differentiates the jue.sent form from the numerous other Cretaceous 

' .\ft)n(i^i.iiiliic.’, ])1. 7.‘}, .5-9. N<’Ocomiaii. 

- (>]). (.it. jil. 12, 1-4 raiupain.an. 

•* .Monofzrapliic <lu (Jciiro O.stroa, 18(19, pi. XLVJ, .“)-9, (Viioiiiiuiian. 

' Mi di., flrnL Siiri\, Inilifi, \'nl. V. iSfiS, p. I 14. 

fsicocomidii(U‘s V'oiron-i, pi. IX, lig«. 2-1 in Mat. poni' U i’al. Sin le, 111 rnio ..pru’. 
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Pcctinid.T. 'J'ho rusts of Pevtai Aqassizi also riOs which are 

not ohsr.rv'cd in (-ho, case of the Indian fossils. 

(Jicunial. ivTatlt-J layden collection. 

Tellina sp. PI. 18, lig. i‘J. 

Tellimi Beashausmi, Muller,' is closely related. The. Indian form 
is somewhat more strongly con^(!X anteriorly; the radial ribs arc 
only just indi('ated ])osteriorlv and are fewer ; the angulation cnclos- 
ing the art^a has a much steepei’ do\\r)\\ard slojx*. 'I’he ant<'rior 
margin unfoitunatoly is not ]>rcs<‘r^'<'d. 'I’he. (lern aii fos.sil occurs in 
the lower senonian. 

Two specinx’tis. (lietiii/al. K ralit-l lavden collect ion. 

0/n.s s[)., further (h-seribed with the fauna ol the. (jiiaitzite where it 
ehiefh' <icciir,n has also been found m the soft sandstone. 

2 ARtilLLACtiOUS QUAR I ZM 1C SI.ATh. 

[’sEUDOMowoTis sui'KitsrF.s n.f. PI. 18, figs. <1, 7. 

18<).‘f Avicuia echinataPlanford, Jam tad Asial. Bor., of lirngal, 
32, page J37. 

1800 Avicuia ochinata Stoliezka, Mnn. (iro[. Burv., India, Vol. 
V, page 114. 

4'ho two valves of this species differ greatlv fioni one another. 
The right valve is relatively somewhat larger and h'ss (‘onv(*\ tjian 
the left one. 4’he utnix) scai'cely projects lievond the stiaight lunge 
line. There is a large posterior wing-shaped e.vpansion. scarcely 
distinct from the posterior margin and a diminutive anterior ('ai wif.h 
a deep byssal notch. The anterior margin is rounded. 1'he orna¬ 
mentation consists exclusiv'^ely of concentrie. stiiations, except for 
some radial striie on the wing-like e.xpansion, increasing in dis¬ 
tinctness towards the hinge line. Tlie left vaKe is smaller, more 
convex, wdth a much more prominent umbo, with a feebly inde¬ 
pendent posterior oar, while anteriorly there is no indication of any 
such feature. The anterior maigin is strongly convex. The orna¬ 
mentation consists of line radial ribs locally exhibiting a regular 
alternation of thicker and thinner elements, Thev carry minute 

W V 

granules caused by the occurrence of concentric striations. It is 


^ Ahhandlungcn dJ-. picus)-, gml. Ln)idmni'il, New Sonet, gait 2.0, .illd.-, |)1. JA, lig. S- 
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[)articiilai‘ly woji.ji nitMil,i()iuii;; Lliat tlic oniumontat-ioii .shows no ton- 
dnncy to hi'cojoc olhiccd tovviircLs tlio antci'ioi' and posterior inargiji. 
In both valves, tlie .snhstaiic*^ ol the .shell is tliin. 

I’liis species Jias a icji)ai'kal>ly Juiassie facies, so nfiich tm that 
iStoliezka unhesitatingly referrcil it to Ai'icubt cchinulti >Sow. This 
grou}) appears generally to Juiao beeoim! extinct in Cretaeeou.s times, 
tliough it just survived in America. iMcledyrinclla ( - Kanucrolis-— 
P.seudoinonoiis) ahnipUi VVhittii'ld^ from the Cretaceous “ lower green 
marls ’ of New -lersey, recalls many specimens of the. right valve ; 
nevertheless the anterior margin extejids more prominently anteriorly, 
while the left val\e lacks all trac<‘s of radial ojnameiits. At'/ividu 
peedmilftA^ow. in Woods - is reiei red by Woods to the genus (h tf/oiiid, 
indeed the details of tin; by.ssal notch of the anterior ear are not in 
aec-ordance with PsendoinonoUs. Amongst Jurassic forius, P,sc.ndom<>- 
nolifi echinata Sow. anti Pseud. limamhurietisis Morris and Lycett ^ botli 
did'er by their more unsymmetrical shape, and stronger radial scnlp- 
tine. A closer analogy is exhibited by certain forms fi'ojn the Malm 
such as AiHc'ida DuuviUei Loriol V which both in shaije and ornamenta¬ 
tion closely recalls the Indian .species: nevertheless, in the left valve 
the posterior expansion is more roundetl, while in the right valve 
the anterior margin slo})es moie steejrly from the umbo. Moreover 
radial ornaments apjiear to be wanting in the right valve of the 
Indian fossil. Pseiidouionohs Icuuieosluki Crepp.'^’ is (extraordinarily 
similar, only slightly moni ohlicpie. 

This fossil appears to have abeady been noticed by Hlajilo'd (.see 
the synonymy) ; iStoliczka has aliso referred to Iflaiiford’s jirevious 
notice. 

This is the commojiest fossil in the (juai Uitic slate. It also occurs 
in the (juai-tzitc. Cieumal; Lingti-river. 

ytoliezka and Kraift-Haydeu collections. 


Arc'A (?) sp. , PI. 18, fig. 17, a, b. c. 

This is a small oblicpicly (piadrangular form, witli a small anterior 
and a large posterior wing. The hinge is straight, the umbo rounded. 
The ornamentation consists of narrow, prominent ribs, often of altcr- 


* Raritan c lay aiul (.}rt't‘usujitl marly, Mim., IJn. Si. (Jeol. Sun\, IX, pi, Xi V’, figs. 11 -14. 
® (.'rc't. Jjamolliln-. Pul. Si>r., IHO.O, pi. V'Ui, figs. 8-l J, 

® Mon. Itrit. (jfieat (Jol. KobmIs, pi. XV. lige. 0-7 

* Form, iluxiiss. <lf Boulogia -yuiinc r, Jf, pi, XX, fig«. ^-0, p. UlO. 

“ lioriol, Oxfordicu du Jura Lc'clomcn, Schwcizcr pal. Ahtuindlviigoi, vol. XXVIl, 
pi. VI, tig. 44. 
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iiabing size. The left valve, which aUuio is preserved, is strongly 
convex. 

Ami Hdlhieri (.'oquaiid' is closely J’clatcd. Nevertheless the pre¬ 
sent species is iiiore oblique, with a straight hmge ; the posterior car 
is more distinctly set off, and the umbo Jess jmmiincnb. 

Gratmmtadou securis Leymeric- from the Speeton clay, is broader ; 
the nioi’c strongly convex iimijo also appears to be bordered 
posteriorly by an angular edge ; the specimen illustrated in fig. 15 
which agrees bettor with Ijcynicrie's original is much broader.® 

Numerous left valves. Clukkiiii, (lieumal. Iviallt-ilaydeii 
collection. 


ClKUrLL.KA (0 «!>• I H 3. 

There arc two large speeinums representing dillerciit species, but 
both unfortunately so badly ])reservcd that they cannot be identified. 
One of the specimens perhaps corresponds with (kicidluca Uldigi des¬ 
cribed below (p. 319, pi. 19, figs. 7— 9). 

Ohikkim, Krafft-Hayden collection. 


Unicardium ef. tumtdttm Briart CJornet, B1. 18, fig. 16. 

Unicardiuin tumidum Hriart Cornet, (Icinitz, Elbtalgcbirge, 
1. Ciitcrcr Quadcr, Palavnl., Vol. XX, pi. XL, fig. 4 
Unterer Bliluer. 

In the Indian specimens the umbo is situated rather more for¬ 
ward ; nevertheless there is a close agreement with regard to the 
number and shape of the pj-oniinent ribs, whi(;h are about half the 
width of the intervening spaces, and the occasional appeamnee 
of secondary ribs ; the Indian specimens further agree in the gradual 
widening of the ribs with increasing growth. 

Chikkim, Gieinnal. Krafl't-J layden collection. 

Tappjs Kocjiebruni Zittel. Bl. 18, fig. 15. 

Tapes Koehebmni Zittel, Cosaubivalven, Denkschr. d. h. Ak. 
d. ITus. Wien., Vol. XXIV, pi. Ill, fig. 4. 


* Aptifji (Jo ^l^spag^U‘. iSli.^), pi. .\1V, li^.s. 7, 8, p. 187. 

* Woods, Crotac. JjamolliJu., Pul. Sov., V', 53, pi. Vll, tig. 14. 
® Mint., Hoc. Viol., dc France Vol. V, pi. Vll, figs. fi-7. 
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'I'hiH amall npnoios rcprespiitod by numcroiiH spociiiioiis agrees with 
fcho Alpine fossil ; the only possible dilTerenee consists in the perhaps 
somewhat coarser coiioe.ntric furrowing of the European form. 

(Jhikkim, Clieumal. KraH't-llayden collection. 


'I’kLMNA cf, STKKiATA (loCDFUSS, PI. 18, lig. 18. 

'relljiia. strigata (loldfuss, IM. I 17, lig. 18. see also I (oh 
za])Ccl, Kreide, voii Aacheo, PalnvouL \'ol. XXXV, 
|)1. XI, ligs. b lb. 

The, Indian fossil closely resembles the forms above (pioted, though 
perhaps slightly mor<' slender; the, line radial striations of the, 
Aachen form arc not preserved ; the latter is from the lowiu* seno- 
nian. 

A singhi spccJinen. (licnrnal. Kratit-Hayden collecl.ion. 


APOlliiHAIS AKK. Di’IUNIANA OrB. PI. IS, fig, 12. 

Aporrhais lJupiniana Orb. in Pictet-t.’ampiche, Mat. Pour la 
Pal. Suisse, 3 erne serie, pi. !)2, figs. 1. -3. 

Numerous casts represent a form closely corresponding with^the 
French fossil, both with regard to the shape of Ihe shell and thejjiie- 
sence of a nodose ornamentation, and of tuo keels on the body-whorl. 
The wing seems to diher somewhat, reaching higher in the Indian 
form, and it seems to possess a second deeper lolie which is broken off 
in the figured specimen. 'Fhe Krench fossil is from Valangc- and 
Hauterive. 

Common, Chikkim, Ijingti river. Krafft-llaydcn collection. 


Holcosterhanus (Astierta), (of the group of Atherstoni Hharpe). 

The fossil here referred to is a large fragment unfortunately only 
in the condition of an impression. On the umbilical side it exhibits 
elongated tubercles which are, fairly prominent, especially on tlie last, 
whorl. From each node there issues a bundle of six or seven sharj), 
undivided ribs, which after a very slight backward bend follow a 
straight course forward. The external region is not preserved. The 
umbilicus must have bemi rather narrow. So far as can be judged 
by the only character preserved, namely the ribhing, this form seems 
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very closely related to the Soiith-Africjiii Holroslephnnus A(/icrs(oni 
Sharped. The discussion of tins form by Kitcliiii - may be seen. 

The lorm from the valan<>inian oi Mexico d('scribed by Jiurkhardt 
as Aslieria cf. Afhcrsloni is also very similar.- 

Other related forms such as Holco.slcithana.s A.dierianas in Ihctct- 
('aiupiclie ^ and Hole, 'atulltplicalus Kocmei- ditler either on account ol 
the smaller number of jibs, or their dichotomous disposition. 

All these foj-ms cliaiacterise the lovvc.r m'ocomian and do not 
reach bey(»nd tbe haiiterivian. Only one form of the } 2 ,ro\jp of 
Holcoste/phamis Asi.icri constitutes an <‘xception to this rule, havinj» 
been recorded by Uhli^ froju the A\ ernsdorf Ix'ds of barremian aire.'"’ 

In tli(^ S])iti shales theie is a preat contrast between (In*. cxc('S.sivc. 
abundance ol tln^ snb-uenus SjiilKrras and I he scan(,y development ol 
Asfifiia which is onl> leprescnted by Asticna Schcnli O])])." and one. 
species of the grou]) of As/ioiii 

One specimen 't N. of 'J’ootigaag (labid illegible). KiafU-Hayden 
1 ollectjon. 


ilOCM'IKS (I’AUAIlOi’iJTKS) Sj). IM. 18. lig. la, h. 

A small form Avith vei)^ narrow umbilicus and tall aperture ; the 
si])honal region is slightly flattened. 3’he feeblv develojied crowded 
ribs on issuing from the umbilicus fust proceed' forward, then back¬ 
ward, and finally jcsume a forward (‘oiirse with which they extend 
over the si])honal region where tliey become ratlier indistinct, in the 
inner jiarb of tlie whoil they divide into two or three branches, the 
most conspicuous of wdiich seems to be the posterior one. On near¬ 
ing both the umbilicus and the siphonal region they show a slight 
tendenev to form swellings. 

A very closely related form is Fandinphlfs Nolani tSeunes'' which 
differs by the greater width of the umbilicus. Moreover -Jacob also 
describes a Pamhopliles cf. NoUdii,*" which exactiv agrees with the 


^ 'f'nni-'inct. fi'cof. Sor , IiOUiloii, 2u(l A'oJ. \ II. ]>I. XA'III, li;^. I.j. 

'I’hc Iijverl('l)iivl(‘ faiiTiH '>f llie ScijcH. Ann. -S'. Afi. Aid'’. ]!'(IS. j), J8T. 

- I‘'aiina jiirassi(fU(' dc ^lnz!iy>il, Hull. Jn.A. (lv<,l. (h l/o/oi, 2:5, l!ll (j, J’l. XL, lig. 215, 
puui. lii. 1‘iil. SiUf-s(*. 2 I'Uic, soiic, pi. XLIIJ. 

'• NorddcMitsflif Kicidc. Vid. .\I1I ; .■'Ci' .d.su L'lilig. Hilhniiiinoni Icn, 

Palaout. Vi.l. X \ V II, pi. XXXIII. 

('oplialop(i<h-ufamia d. Werusdoifci Sdi. DciiL'^r/n. iL k. Ak, d. IK/.wj/.vrt. Wuv. 
Vol. XLVJ. IH8;j, |). IIG. 

* 8c<' Ulilig, Pul. Iml., So., W, Vol. IV', [>1. Vlll, Ji”. 2. 

’ /»«// jS'or. deo/. </r 1S.S7, (111) Vol. V . |). ."Wi-l, pi. Xlll, lig. 4, u, b, .see alfeo 

Jaco]>, Hull. Sor. (leal, fir Fitiurr, it)()o (IV'). Vol. V', p. 4US. 

* Op. cit. ]). 400, J)J. Xlll, tig. 1. 
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t.ypc excepi for its soincwhat j^reater coiiipi’cssion, iiarrowor umbilicus 
and more (][uadrau;fular section, Tliis form thoreforo approaches the 
Indian fossil very closely, irnfortimately it is not possible definitely 
to unite the two forms by a coiuparismi with the illustrations, espeei- 
ally as the s})ecimens studied by Jacob are badly preserved. This 
form is from (Jansayes at the junction of the uptian and Gault. 

Another related form is llophtes jodarien.sin Douvillc.^ The orna¬ 
mentation, however is more prominet\t, and the brancluTi;]; of the ribs 
takes place, hijfhcr up alonjf the flanks. This is a liauterivian form. 

Other analofijous forms of llolrodisms, such as lloleodl.seii.s nien- 
qlonmsis Sayn-fjory, differ by theii' more rounded siphonal- margin, 
while the ribs lack the tejidencv to develop nodes at the junction of 
the flanks with the siphonal region, upon which, moj eover, they do not 
tend to disappear. 

One specimen. JJngti river. Ivrailt-Jlaydeu collection. 


Hoplites (Stoliczkaia) cf. DisPAR Orb. PI, 18, fig. 2. 

This form is represented by a fragment of a whorl with a very 
characteristic ornamentation consisting of broad, slightly sigmoidal 
flexuous ribs which become much broader towards the siphonal region 
over which they apparently extend without any interruption. In¬ 
tercalated between them arc secondary ribs, originating at about 
half the height o£ the whorls, and likewise apparently extending over 
the siphonal region. 

This fossil agrees so perfectly with certain stages of growth of 
StoliezkaM dispnr Orb.^ tliat only in consequence of its poor state of 
preservation do I refrain from positive identification. 

D’Orbigny’s typical Ammonites ‘dispaA includes the variety with 
straight ribs in the adult stage, conespondiug with ytoliezka’s 
illustration.^ 

Nevertheless according to Pictet’s description, there is every grada¬ 
tion between this variety and the forms with flexuous ribs.® The 


^ EHquiHSiCS geol. deH Prt’alp. subbetiques, 'j’hfesoH j)rcP!. a la fac. ties. .scienoc.s do Paris, 
1906, pi. XlIT, figs. 7, la, p. 207. 

*Sur la constiUition du syst. crotace aux environs do ('biitillon on Diois, p. 29, fig. 6. 

* Pictet-Campiche, Ste Croix, Mat. pour la. Pal. Suisso, 11 i^ine serie, pi. XXXVlll, 

fig. 4. 

* Pal. frariQaise, pi. XLV, figs. 1, 2. 

* PalcBovl. Ind., IVetacoous of Southern India, Vol. J, pi. XLV^ 

* Ste. Croix, 11 dme serie, pp. 26C ff. 
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variety with flcxuous ribs has also usually been figured under the name 
dispar, a specijiien in the collectioiP of the PalcContological Institute 
of the University of Vienna indicates also the presence of this variety 
in the “ Ootatoor group.” 

One specimen. Lingti river. Krafit-llayden collection. 

3. QUARTZITE. 

AvTcxrLA ? alT. Sanht.k Uiiucfs Prtet-(Jampk’J(k. PI. 18, fig. 8. 

Aviciila ? Sancta^ (Vucis Pictet-Uampielie, Mat. pour la 
Pal. Suisse, V. eine ser., ])1. 152, fig. 5. 

The available s])ei“iniens arc, unfortunately, badly preserved in the 
umbonal region ; ne\a*rtlicless, in their shape, their feeble convexity, 
in the slightly confused, feeble radial ribbing, with its tendency to 
disappear laterally, they thoroughly agree with the French form 
(Valange). 

Conuuon. Oieuinal. KrafTt-Ilayden collection. 

Lima alV. Arzieken.sis I.oriul. J*l. 18. figs. J3ri, h, 14. 

Lima Arzierensis Loriul. Valangien d’Arzier, Mat. pour 
la Pal. Suisse, IV cine serie, pi. HI, figs. 9. 10. 

This fossil agrees thoroughly with the French form with respect 
to the coarse, granulated radial ribs, tin* gradual weakening of the 
ornamentation towards the sides and the pronounced convexity of the 
shell. At the same time the Indian fossil is more symmetrical, with 
alternating radial ornamentation, and a smooth wing. 

Common. Uieumal. Krafft-llayden collection. 

Opi.s sp., pi. 19, tigs. 1(7, b, c, d, 2. 

1866, Opis sp. Stoliezka, North-Western Himalaya, Mem. Geol. 
Surv., Ind., Vol. V, p. 116. 

There are abundant remains of a large Opis, xvhich unfortunately 
are all in the condition of internal ca.sts. so that an exact identification 
is not possible. 

1 Sec Bayle et ZeilJer, Explication de le cniie geol. do tVanre, pi. XLVI, fig. 2, from 
tlie “ lower chalk ” Chollat and Lorii)l, Mat, pour I’ctiulo stratigr. et. pal, d’Angola. 
Mini, dp la floe, de Plo/.'i. t1 d'hi'd. nat de Gevire, Vol. XXX, No. 2, 1888, pi. II, figs. fi-O, 
Gault or vraconnian. 
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The casts indicate a form with tall though somewhat thick umbo, 
slightly deflected forward, and curved iiiward. On the posterior 
margin of tlie umbo, an angulation extends from the apex tow'ards 
the posterior margin, enclosing an area on its inner side. In front 
of tlie angulation, there is a more or less juonouncod shallow depres- 
sioii ; the anterior region only shows a kee,l bordered on either sid<‘ 
by broad shallow' deju'essions. Under the iimbones is a small pro¬ 
minence directed inwards in which tlieir outline is again repeated. 

The lower margin is rounded, the anterior margin gr<‘atK' pro¬ 
duced, wliile the posterior margin slopes away fnnn the umbo rather 
straight and steep. 

fSo far as it is possible to compare casts, the nearest relative to 
this fossil is Ofris bicorius (leimtrd from the Lower I’laner (cenomanian), 
the correspondence between the two forms is very thorough, though 
the Indian fossil differs by its thicker and shorter umbo, the ])rosence 
of a projection beneath the umbo, and the stec]) declivity of the 
posterior margin tow’ards the loAVcr margin, while in tlx* Liiropeatt 
form the posterior margin ]>rojects (;onsiderabl\. 

Comnron. (lieurnal. Also one specimen from the coarse sand¬ 
stone of Chikkiu). 

Stoliezka collection. 


Lima Sc. 

1866 Lima sp. Stoliezka, Mtonoirn, Geoh Siin\. Ivdio, "W)!. V, 
p. iin. 

A large, conceid.ricallv furrowed Li'ino, iu»t otlM'rwise (h-tci’inin- 
able. 

L'ieumal. Stoliezka collection. 

Lurmi’M sc. 

A fragment of a tall, slender (\trdinni with well-n)arked radial 
ribs. 

Uieumal. Stoliezka collection. 

Cardium n. 8]). indet. PL 18, fig. llu, 6. 

'fhe right valve is very slender and tall, with rounded umbo feebly 
bent forward. The posterior margin is not sinuatedj^and extends 


* Elbtalgebirge, Palasonlographica, Vol. XX, Ist part, pi. 2, figa. 1-3. 
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with regular curvature from the umbo, wliile the auterior margin 
exhibits a short rounded wing. The ornamentation consists of very 
fine, crowded striations, for the most part arranged alternately; they 
combine with the lines of growth to give rise to small granules ; 
this ornainentation extends regularlv over the entire surface of the 
valve (unfortunately, while developing the specimen, the middle por- 
tioTi of the shell got lost). 

'Phis form belongs to th<‘ group of (Jnrdinm i)rodin(um Sow.' 
Hoth this species as well as (Jordin)n Reu.ssi /ittel^ are more sym¬ 
metrical. with a sinuated posterior margin, and a soiiiewhat more 
extended anterior ear ; moreover they lack the alteiiiating c-haracter 
of the oruameritation. 'I'lie same differences distingui.sh Fanlium 
e(OiOhi<fnense Orb. 

Onl\' one specimen Oienmal. Stolic/ka collection. 


Pax'oivka cf. ARCUAT/V Ouc. I’!. 18, lig. 10, 

I’anopjca arcuata Orb., Pal franc, pi. u55, figs, .‘i, -I. 

Neocomian=lh rostrata Math. 

1800. Anatina n. sp. Stoliezka, Noitli-Western Himalaya, Memi. 
(Icol. Sxrv., India. Yol. V, p. 116. 

Unfortunati'ly <>nlv one wrll preserved specimens is available. 
It is a very elongated depressed left valve. The umbo is situated 
rather far forward and is rounded. 'ITie anterior region is relatively 
elongated and elegantly ronndeil, the posterior region greatly ex¬ 
tended ami gradnallv lapering. The surface is ornamented with 
iir<‘gnhir eonee.ntric fnirows. 

Tin' Ihvneh species is larg<*r than tin' s]'eeimen above descriliod ; 
yet amongst the Indian material, there are fragments indicating eon- 
side.rable dimensions. The only distinction lies in the nmbonal 
region, which in the European species is somewhat broader wliile 
the anterior region is rather shorter. 

Gieumal. Stoliezka collection. 

Cardinm gienmaJen.se and Pseudomonotis snpersfes, both of which 
are very abundant in the sandstone and (luaiT-zitic slate, also occur 
sparingly in the quartzite. 


^/ittel, (.Josiiiihivalvon, Heukschr. J. k. Akad. d. W iski nftrlt. vol. XXIV, p. vi, 

r.g. i. 

• loo. oil., tig. 3. 

•Geinitz, Elbtalgobirgo, PaloRO-nioijrajdiica, Vol. XX, JhI part, pi. 1^, fig, 9, fj-opi 
|,he lower Quader (conoraanian). 
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Bcfoie concludinjj; those descriptions, it is neccsstvry to mention 
two more forms occiiiTin}; in a diOercnt rock, a dark artmaceous lime¬ 
stone crowded with shells ; it is very similar to the strata of Dogger 
age from Spiti and Iliindcs and the question aris<‘s as to whctlier 
some confusion may not have happened in the labels. 

CORmS ? MONTANA ll.f. pi. 18, fig. 9. 

The hinge is unlovtimately concealed so that the genus cannot be 
precisely determined. 

The. shell is syinnietricah with a strongly curved innl)o, m’na- 
mented with coarse, broad, Tri'ansversc ripples, some of which are re¬ 
peatedly sul-tdivided. It is distinguished from all analogous .Inrassie 
or (V<‘taceous forms owing t(‘ the greatest breadth being situated close 
to the lower margin. 

One, specimen. Chikkim. Krafltt-llayden collection. 

AvTOunA se. 

The specimen which is unfortunately ineomple,te, indicates an 
oblique form with coarse, partly alternating radial ribs. It appa¬ 
rently belongs to the group of A. {O.rylooia) iuayuiruins, which 
extends with but. slight changes tliroughout the Jurassic ami Oretaceous. 

Stoliezka collection. Locality unknown. 

The following list includes all the sjh'cics determined 

1. From the calcareous sandstone. 

Cardi'iim gieimudvnse n.f. (very c<unmon). 

Cardinm cf. gie.ntmdetise. 

dardium n.s]). ind. 

Ostrea, sp. 

Gtyphata afl’. Clayht Guer. 

Pecten s]). 

Tellina sp. 

Ojds sp. (rare). 

2. From the argillaceous ipiartzitic slate : 

Pfteudonionolis super.sles n.f. (very common). 

Area ? sp. 

Cueidhea ? sp. 

UnirardhiDi cf. timndim Briart-Gorn. 

T„, tes Ror/iehrupl Zitt. 
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Tellina cf. striqntn Cf. 

Aforrhnis a(T. Dti'piniana Orb. 

HofcoslepJnmns (Astieiia) all Alhcr.stonl Sharpe. 

Iloplilcs (Paraho'plilcs) sp. 

llopliies {S(olirzJcuia) cb dispar Orb. 

3. Froin tlie grey quartzite. 

Psciidomonofis supersles ti.f. (rare). 

Avicula ? afF. SancUn Craris Piet.-Camp. 

Lima aff. Arzierensis Lor. 

Opis sp. (common). 

Lima. sp. 

(Uirdinin s]). 

(^ardiinn n.s]). ind. 

<\irdii(nt (jivumnlcnsc ii.f. (lare). 

Panopaa ef. arvuala Orl). 


1. Frem the dark “ lumaehell ” (^ Dogger). 

(Jorhis monfana u.L 
Arirala sp. 

Ajoongst Stoliezka's ^ types the following do Jiot occur in the 
material examinod. 

Mv'I'TLT'S MVTii.oiDj^A liLANF. (jirevioiislv described })y Jilandford.- 
From tlie illustrations it is not possi])le to ascertain whetlrer this 
may n(^ repr<*s<!nt so?n<i other genus for instance Inoceramas. 

Prctejj ujEiioxs Saltkr figured in Salter’s Paheontologv of Miti ^ 
Afna.siant dcmi.ssum, Bean (an idcnlilicaiion wliicli, in any case, would 
need revising, es})ecial]y as Stoliezka took the (liciimal sandstone for 
Jurassic. 


AnATINA Sl’lTIENSIS StoL. 

Blanford has also figured a Cijprina ? friffonahs * which together 
with Avinda echinata ” our Pseadomonolis supcrslcs, occurs a])uu- 
dantly in the (Jieumal sandstone. Blanford's lig. 1 represents an 
undeterminable cast, and the same is the case with fig. 5, which, 
however, suggests tlie impression of a Trigonia. This form does not 
occur amongst our material. 


^ Seo M< w., (Ivol. Sun'., /iiditi, Vol. V, ISfiU, p. 114. 

^ .Tourn. A.iiatic Soc. of tinujtil, ISO.'l, pi. IV’, /jV. S. 

” Salter’s iWiCDniclof;', of Niti, pi. XXIT, fij^. nun lips, (i, 7 ; of. Stoliezka, u. 74 ; 
the latter arc jurassio. 

* Jonrn. Anrufi'c 6'or. of Hangul, 1803, p. 130, pi. fV, figs. 1, 5. 

E 
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T»i }iUein])tiTi‘> to e.stiinatr tho strati^raphiral value of this small 
fainia, wo may first take into acooimt tho ajio of tlie uiulorlymg Spiti 
slialos. Ill tills ros])Oct tho Jato Professu' IJhIig had kindly com- 
munioatod to im* tho followiii” partioulars. 

“ Tho fossils from tlio, S])iti shales have not hitherto hoon eolloctcd 
strictly in accordance with tJieir strati^ra])liieal lioii/ons. A sub¬ 
division of the Spiti shales into throe zones was first established by 
]j. (!. (Iriesbacli and (\ Dieiior, who obsi'rved that the newest zone, 
the “ hochambel-lh'ds ” yradnally nxM'yes into the oviMlyiii^: (limmial 
sandstone. 1’hese Loehninbel lieds cannot th<*r<*fore stiictly repre¬ 
sent a single paheontoloL’ical unit but imist include a succ<‘ssion of 
])al!eontolo<j,ical hoiizons. '^I'Jie lirst i(‘sult of a jtreliminaiy examin¬ 
ation of this fauna, publish<‘d in bSPri.! elV<>et that it Ix'lonus 

to the Ih'TJ’ias sta^e. but also exhibits aflinities to the, u])per tithonian 
on the one Jiand and on the other hand, to the valan^inian. Kur- 
ther studv has revealed the ])resence of a considerable mmiber of 
forms which in Murojie are essentially characteristai* of the lower 
neocoraian or valanf,dnian. particularly ainonjist the //o/i/?7c,s% for 
instance IlopJifex (Kdianelhi) pejijifyrhHs Uhl.. lIoplUcs (Neoeoniiles) 
neoeonnensh d’Orb.. Ilojihlrs {Tliiinitariina) Tlnirniaiuri. They are 
accompanied by other forms of tJoplitc.s. which must b<- rejiarded 
as new species, but whicli bear the closest relation to lower neocomian 
types. Some of the ammonit<*s from the l.ochambel beds, such as 
Acanthodiseie^ subradiafii'; or Sindntfil lies aff. diseoftdetUnx J.ah. are 
oven related to middle neocomian or hautt'rivian forms. 

[n view of the remarkalile development of valan^inian Iloplilea 
it seems im])robable that we sliould be mejcly dealing w'ith fore¬ 
runners of the true valanyinnin fauna, such as miefit have developed 
in India earlier than in Murope. at a lime corresponding therefore 
with the Berrias sta^e. Fiom the evidence derived from our 
studies of the Kuropean faurue it ajipears far more likely that the 
Lochambel l>eds also include the valan;j[inian horizon. We cannot 
even exclude the possibility of the ])rescnce, viithin the Jjochambel 
beds, of the lowest zones of tho middle neocomian, thouefh the 
probabilities are not in favour of this view'. 1'he presence of the 
higher liorizons of the middle neocomian is not supported by OTiy 
palocon tolo^^i cal ev idence, 

'Goolog. Ex]»o<lition in di'ii Z. Himalaya, Denkactir. d.k. Akud. d. WifinniM'h, Wien., 
math. -fiat. Clam-, JjXIJ, 1S95, p. 55, 
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Since the ovcrlyinj^ (iitnunal sandstone passes by interstratifica- 
tion into the r^ochanibel beds, the freological ap;e. of its lower limit 
is fairly accurately deteTniinable. 'Phe base of the (licumal sand¬ 
stone cannot be older than upper valaiiginian nor newer than middle 
hauterivian.” 


The character of the fauna a]>ove described agrees perfectly 
with tliis conclusion. The bivalves are not of mucli value for 
chronological determinations. Among.st the ammonites, the Asliena 
is decidedly ncocomian : related forms in Kuro])e are of wide occur¬ 
rence in the valanginian and hauterivian, while stray e,\am])!es even 
reach the barremian. I’he valanginian is excluded as a result of 
Uhlig’s researches. The fossil therefore indicates a middle or upper 
ncocomian horizon. Our Pandtophfes has its closest ally in bnirope 
at the junction of the a]itian and (lault. and indicates therefore a 
middle (Vetaceous age ; Slollrzlai disjiar in Euro])e. characterises the 
(Jault and cenomanian. while in India it occurs in the Ootatoor 
group ” (cenomanian). 

If therefore we apply the results of Euro})ean investigations to 
Himalayan geology, we are led to look upon the (lieumal sandstone 
as an assemblage of beds ranging from middle ncocomian up to the 
base, at least, of the u[)pcr (Vetaceous. The overlying Chikkim 
series, whose conformity with tin* (lieumal sandstone has been 
positively asserted’, must therefore include representatives of the 


upper (Iretaceous. 

From the jioint of view of geogra^diical distiibution, the occur¬ 
rence of an Astieria of the group of A. Athetsloni is interesting; 
this is a characteristic form of the Uitenhage formation, while, 
according to information kindly communicated to me by Herr K. 
Folgncr, it also occurs at the junction ot the valanginian and hau- 
tcrivian in the Salt Range ((,'hichali Pass). A related form also 
occurs in the. Spiti shales. This may perhaps indicate free com¬ 
munication between the ncocomian seas of the Himalayan region, 
and the oceans further to the south-westvery closely related fonns 
occur, indeed, in Europe 

It is strange, therefore, thut the bivalve-fauna of the Himalaya 
should not contain any of the forms met with in the Uitenhage 


^ Mvw. (Jro/. Siin\, India, \<>1. -XXIII, J>. , 

* For a fiiJl fpf this ([iic.sf io?!, sco Kitoliin. formation, A7i7t. » 

Afr. A/«.y. p. Til, 

® Set! Kitchin lor. rit. 
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formation. The (Jicuinal sandstone contains no trace, apart from 
Blanford’s doiibtfnl Triaonia, of tlie Tri(j07ii(x; wliicli occur so widely 
not only in South-Africa hut also in Clerinan East-Africa, in the 
“ Oomia ^roup ” of Kachli, as well as in TIazara (Afghanistan); 
in spite of the iinconipleteness of the, (licuinal fauna collections, 
tliis absence can scarcely be acc,id<n\tal. 

In general the preservation of the bivalves is to(j unsatisfactory 
to permit any weighty conclusions, in consequence of the resulting 
uncertainty of the identifientions. 'Flu^ lo(‘al character of a portion 
of the fauna also detracts fi-oni the value of the evidence. Eor 
instance Cardiuni Gieunudense and Corhis 'I wovtana are striking 
examples of local types. Likewise Psvndo} non alia snpcrsles exhibits 
stroi\g Jurassic affinities. Tin? Himalayan Dogger has yielded two 
iindcscribed species of Psrudomonolis belonging to this same type. 
The Bpiti shales, nevertheless, do not yield any connecting links, 
all the Pscudornonotidie from that formation being smooth. The 
commencement of the dcpf)sition of cla.stic, sediments at the upper 
limit of the spiti shales corresponds with a radical change in the 
fauna. The numerous ammonites dwindle away, there is a c,om- 
})lcte disappearaiKNi of Asfarfc, hinreramus, Aurelia, Nticida, of all 
those gmcra of bivalves, therefore, that communicate to the Spiti 
shales fauna its special character, while Cardiani, Osirea and Pneudo- 
vionoiis take their place. Both the lithology and fauna of the 
Gieumal sandstone indicate a shallowijig of the sea (according to 
Walter, all the species of Cardiuiu, with few exceptions, live at feeble 
depths). This shallow-water fauna, unr<;lated to that of the Spiti 
shales, must (hereforc have miijralcd- front, some other region ; this 
region also became the last refuge of PseudouiouoliH, a genus which 
elsew'hcrc appears to have been extinct in neocomian times. Tn 
this connection it is worth considering the close corinef^tion bctw'ccn 
this genus and the upper Cretaceous Meleatjrinellu {—EimiUrolifi) 
from North America. 

B. CHIKKIM LIMESTONE FROM SPITI.i 

The material at my disposal includes a grey, arenaceous marl, 
weathering brown, crowded with the remains of foraminifera. The 
forms described below are of relatively large dimensions, and only 
need a feeble magnification for their study. They arc not of an)'' 

* Soo Stoliezka, Mem, Geol, Siirv., In/lia, Vol. V, 1806, }). 110. 
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Rtrati^rrapliical value, but may be of assistance locally in the case 
of any further geological examination of this series. 


Nouosaria sp. 1. 

The chambers arc large, rounded, smooth, separated by a deep 
slit with a rapid ratio of increase ; five chambers arc preserved, the 
initial and last one being absent ; nevertheless the general appear¬ 
ance indicates that the total number was small and that the form 
should be compared with those of the group of Nudosaria soluta 
Tleussi. 

Chikkiin. Krafft-Havden collection. 



t H 


t’le 4. 

NonosAiUA sj). 2. 

The. chambers aie elongate, oval, stnooth, with oblique parti¬ 
tions : the first and last chamber an^ missing. These characters 
recall the group of N. flijontiis Orb.- 

filiikkim. Kraflt-llayden collection. 



t’lo. .5. 


^ Bnady, Challong<*r lU-port, pi. <>2, K^h. IIMG. 
* Jir.'wly, (.'liallonger Report, pi. G3, ligs. 3-6. 
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NonosARiA sp. S. 

186(). Nodob-nfia Hp. Stolit-zK'a, Nort.Ji-Wt'.stcri) lliinalayii, Mem. 
Geol. Sure., India, V, p. J18. 


VN) r 


J^'lU. (). 

A vory lar;;c Aodotiona witli roinidctl-oval. orcasioiuill}’ .sommvlutt 
clon^atiO, J«>(i”itu(iii]ally .striated chaiiilx'j’.s, Leloiies to the ^a’ouj) ol 
N. Zi-ppei EcmikkJ as had already heen ooiicctly indicated by ^tolicJika. 
Cliikkiin. StoJiczka eolleetion. 

Nodosahia 4. 

I8t)<). Deiitalina el. aniuilata Stoliezka, Mem. Geol. Sarr., India, 
V, p. 118. 


Fig. 7. 

‘ lioLiakcliu Kreide, pi. VIlJ, iigti. 1-^. 
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A somewhat tmived form {Dentnlina), the convex side of which 
is shown in tlie iilusirution. It lias rounded, somewhat compressed 
chambers. The last chambers are missing. I’lie first chamber 
seems to be drawn out to a })oint. In tlie neighbourhood of the 
embryonic chamber the specimen is not well preserved and it is not 
quite certain w'hether, herCj the chambers do not lose, their rounded 
outline. This form recalls Nod. anmdala Heuss as illustrated by 
Alth^ from the upp<‘r Crctaci'.ous, in which, ho\v<‘vcr, the first cham¬ 
bers hav'c distinctly llatt<‘ncd siufaces. 

Chikkim. Stoliczka collection. 

(h{lSTKM.ARIA S]). 1. 

A large form with the eailier chambers s])irally e(jiled, and 
h>lh)W'cd ))y about three d<’1ii,iled eliambers. the septa ol which arcs 
perpendicular to tlu'. diiection of elongation ot the detaciu'd ])ortion, 
the chambers of which no longer ri'ach the (‘oiled jiortion. 'Fhe 
outer margin is kc(‘lcd. 'Fhe forms neaj’ost ridated ar(‘ (htskdlaria 
litaijonnis lleuss'-^ and < 'i ihIcUoho lilnoht Ivcnss.’* 

('hikkim. KiatJ’t llaideii collection. 



CJU.VI’KIJ.AKIA Sj). 2. 

180(). J laploplnagmium sp. Sto'iczka Mcni. (Jeul. Siuo., India, 
Vol. V, p. 118. 

- H 



VlG. J). 

1 Gcoqn.-palflCiitol. Bt'sehreibuu" tt-r Uiiiiiobung voii L“mbvr;i, l/aidoujers vntur- 
wi'iSKU.'ichiiJIliclHi iihhatidhin'jin, IP/f», II I, pi. X1 M . fig. 2‘t. 

® Ziir Kenutnis der tcrtiaivn Foniininilejciifaumi, tiitzumjsUi nchlr d<r Wirinr Akud. d. 
IK i.'<s*>,rnscli, Vol. XLIII, l.si jiart, ]>!. 1\', lig. fiO. 

“ liohniiBcho Kreido, pi. XXIV, fig. 47, p. 10!). 
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Tills form closely resembles the one previously d<*scribcd but has 
a larger mimber of detached chambers (five). Closely related is the 
tertiary CV. rJmnboidca Czjzek.^ 

(’hikkim. Krafl’t-llaydeii and 8toliczka collections. 

(^RTKTELLAKJA Sp. 3. 

18G(). llotalia sp. Stoliezka, North-Western Himalaya, Mem. Ge.ol. 
Sure., Imliii, Vol. V', j). 118. 



A spirally coiled form with strongly projecting, slightly curved 
broad septa and numerous chambers. Cnstelloriu (Rohidiua) ytero- 
discoideu'^ G umbel resembles this form vith respect to the structure 
of the se])ta, wbile Crislelluriu Kunkeri lleuss^ has the same outline 
with a similar rapid iiu;reas(; of the height of the, wliorls. 

Chikkim. Stoliezka and Kralft-Ilayden collections. 


TEXTirLAUTA Sp. 


18GG. Textularia 2 sp. Stoliezka, Mem. Geol. Sure., Imlia, Vol. V, 

p. 118 . 



Fio. 11. 


Sections of two Texfidaria one of which was comparcfl by Stoliezka 
with T. wwccp.s- Kcliss. One of these sp<‘cimens is undeterminable, 


^ JJahlrnqtra vahme. Ahhnndhivfjnu IP’k??, Vol. Tf, ]>]. XIJ. fi^R. 21-2;?. 

® (hiinbol, AUumdlun<nH d. Itayt. Aknd. d. it mtt., Vol. X, jil. 1, li". 72. 

“ Foriiiii. (1. iiorddeutsclioii Jlih und (lault, Sitziintjabenrhif d. Wtour AJetid. d. Il'is- 
aevseh., Vol. XLVl, Isl, j)art, p. VliJ, lig. C. 
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wbiJc the other (text figure 1]) by its laterally expanded cliambcrs, 
recalls T. Bandouiniaua Orb.^ 

Chikkiin. Krafit-TIayden and Stoliezka collections. 

These sections exhibit, besides remains of Texlnlaria, Denfnlina 
and other forms, a great abundance of (Hohigerina, chambers. 

One of tlie fragments referred by Stoliezka to the Kudistje is 


amringst the material handed over to me; its fibrous structure 
j)lainly shows it to be. a fragment of Inoccranins. 

The only missing speedmens out of the material described by 
Stoliczka- are a Nodosaria (said to resemble N. inferrofitafa Keuss) 
and a Cristelhirin sp. 

Jlesides the above descadbed forms, I have had access to Ories- 
bach’s collections from the so-callcd Chikkim limestone of ITundcs® ; 
the matrix is a light-grey to white limestone crowded with shell 
fragments, 'd’ho rock rests u])oii the (Jieumal sandstone and was 
therefoT(? referred by Oidesbaidi to Stoliczka's Chikkim series of Spiti, 
from wliich it entirely dilfers lithologically. Jt is, therefore, not 
f|uitc certain whether it may not re])rescnt a Jurassic rock from the 
“ exotic series The presence of small canaliculate belemnites 
related to B. (Jerardi hmds support to this conclusion, though also 
occurring in the neocomian of the Salt-Range (sec the special des¬ 
cription). Aslntlc hundesiana has its nearest analogue in the 
group of A. stnaUhcosUiln from the Jurassic of Europe, while (hccullwa 
Icionola. resembles Cnmdlwa Uldigl from the Himalayan Dogger. 
Further discoveries will j)erhaps sett](i the exact age of these rocks. 


(hjcuLL4:A Uhi.kji n. sp. pi. 19, figs. 8, \)a, h, lOn., h. 

A large form with roundi'd, (piadrate outline. The umbo is 
(‘(Mitral, rounded, and strongly convc'x. Post('riorly to it is an area 
mark(’d off from the remainder of the shell by an angulation whose 
sharpness decreases tow’ards the posterior margin. The hinge line 
is slightly curv('d ; tlm anterior and posterior margins conv(;rge to- 
w^ards it and are connected w'ith it w'^ithout any sudden angle. The 
ligament area is tall, ornamented with broad obliciue ledges, sepa¬ 
rated by fine ^urrow^s. The shell is mode.rately convex. The hinge 
is not visible, 

^ ]'\)iaminiforcn aus cli'ti obcn'ii KroidciiuTiioln dor t)borl)ayrisohen Alpoa, 

Ahhn>idhoiiji"» bmp. xXkdiJmnv d. Vid. XXI, I'l, JT, fig. 10. 

^ yi‘o Alim. (bill. Sior., India, ISfifi. Vol. V, ]). 117. 

® Ch’io.sl)aoh, Alem. Heal. Hvrr., Indu., 1S91, V'<»l, XXIIT, p. SO. 
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]t» addition to tiio lines of lirowth. tin' surface carries coarse, 
iJl-dcliucd, irregular concentric swellings, wliicli increase in number 
and stren^^th with inereasinn yrowtli. Well-preserved specimens also 
show line, alternatnig, rndial strjations, es})eciaily iioti(‘eal)le towards 
the. niarj>in. 

This beautiful species does not seem to he closely related to any 
Cretaceous fossils. In India tln're are, certiun forms siu'li as Trdjo- 
narca Brahniniai Forbes* fr(Mii the “ Arrialoor i^roup ’ and Trajo- 
nnrea (jautana b'orb." Irom the '* Ootatoor yroup, ' which are not unlike 
in shape, but are ne.vertheless distin<;mshed bv the, converiLrence 
of the upper and lower margins, which are, pyiallei in the Tibetan 
form ; the species lirst named also dillers in tin; ornamentation 
of the ligament ar<*a. 


Area liijerit'nsis Orb'* from the turonian dillers by its elongate, 
rectilinear, lower margin, its greater convcMly. and the absenc<! of 
radial oriiarneutation ; neveitheless it would seem to be oik*, ol th<i 
closest related forms (provided, of coinse, that the hinge of the 
present form should be similar and should coirespond with that of 
Area.) (hiciillma brevis Oerhardt from the aptian, dillers owing to 
the rectilinear course of tlu* lower margin, the more obli<|ue direction 
of the angulation, which limits the ari'a and wliich remains distinct 
in the later stages «»f growth, and owing also to the absence of radiul 
striations. 

This form also seems to be [iresent in the (Ticumal sandstone. 

Far closer re.lated than any ol the Cretaceous (hicidUna is a foi'm 
from the Dogger of Spiti and llundi'S, Oucullaia leionola Salter.’ Its 
umbo is situated more anteriorly and is larger. The Sjiiti shales 
have not yielded any connecting links, it is advisable, the.refore, to 
keep both forms separate. 

Common. Kast of Laptel E. C. Iliindes. 


AsTARTE (VEL ErIPHYLA ? ) HUNBESIANA ii.sp., pi. 10, ligs. li: 7. 

Triangular, rounded, with pointed umbo, sub-centrally situated ; 
anterior margin concave, posterior and lower margins well rounded, 


1 Stolici'.ka, Urotacoous fauna of Soutborn Jndia, Pal. I ml., Vol. Ill, pi. XVlll, fig. 
13, pi. XX, ligh. 1, 3. 

* Op. cit., pi. L, fig. 7. 

® Pd. Franc., pi. 319. 

* Stcinrnaiina Boitrageu /.ur Glcologio, I’.il. iSu laiut'.rikas, iVttia Jahrlnich fur Alma- 
ralogie, Vol. XI, pi. V, fig. 4. 

» Pal. of Niti., pi. XXIII, fig. 4. 
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convexity ntodcratc. AnterioTly to tlie lunbo is an obliquely sloping 
sunken hmula. 


Tiie oriianuuitation is v('rv charactcMistic ; in the eai-liev staues 
of growth, besides the lines of growth, it consists of fairly w'cll dehned, 
coarse, concentric swellings, about twice, the w'idth of the interven¬ 
ing furrows. Witli increasing groudh the concentric sw^cllings 
become much b]()ad<'r and irjegiilar, they become much less distinct, 
and finally loss cojis])icuoiis than tlu', linos of growth : perfectly 
identical changes arc observed during the develo])mcnt of Aslarfe 
ohovaUi Sf)W.^ 


'^riie hing(' in the right valve inchuhis tw'o cardinal teeth, of 
which th(^ posterior one is large, and thick. Unfortumitoly it is 
impossible to ascertain the presence or absmici* of lateral teeth, so 
thiit the generic reference', wlu'ther to j\.slnrle or Fripliijla, must 
remain uncertain. 'I'he cxte'rnal ligame.nt was supjiorted by a 
fulcrum. 


'Fhe shape, is ver\ variable'. In addition to the type', in which 
the height and bre'adth arc about e'lpial. there' aie individuals in 
which the. breadth gieatly e'xcee'ds the heiglit. 'I'lic inner margin is 
line'ly crenulated throughout. 

The alteration in the character of the ornaniciitation during the 
growth of the, indixidual distinguishes this form from all other 
Cretaceous s])ecies ; this is the case, first of all with Eriphifla Stuhl- 
•manm Muller from the neoc.omian of iS’taudi,- which, in its earlier 
stages, thoroughly agre,cs in sha|)e with the, typical form of the 
Tibetan sjiecies. When full-grown, both forms arc, however, totally 


dilferent. 

The, broader variety of our species is very similar in shape to 
Asiarte, Beaumonh'. bi'Vin.'* from the S])aiangoid-limestone of the 
haiiterivian in the l*aris basin, in which, however, the ornamentation 
becomes completely obsolete, a character particularly emphasised 
by d’Orbigny in his descriptive text. 

, i Other forms externally similar sueli as Cijiherm libanotim Noct- 

d * ^ * 

ling'^ with absolutely identical ornamentation or else Cyrena seouris 


^ Coquimd Aptieii do 1’ Kspagne, pi. XIII, fig. S, 

* V'ei-.'itoinoruugon dor jura u. d. Kroido in Deiitsoh-O'^lafrika, 7. Zur Obcrflachengo- 
istaltuag und (Jieolugie vor. Do.utsoh-O.stafrika von, W. Boruhault, Berlin 1900, pi. XX 1, 
tigH. 3-4. 

^ d'Orbigny PtU. Franc, pi. 260, p. 60, 

* Enfcwiirf einor Gluxlerung dor in Syrien and itila-ltina, Zcdsclirift 

d. DeuUich. Qeol. Ocs. 1886, Vol. XXXVlll, pi. XXVI, figs. 2-4. 
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Mcek^ and Circe disc,vs Matli^, both of wliich arc identical in shape, 
differ in the constitution of th(^ hinge. 

I^he nunuii’ous forms of Aslarlc from the Spiti shales arc all 
essily distinguished from the present form. 

In the Jurassii! of Europe, on the other hand, there occuis a 
very closely related type, this is Aslarleslrialo-coslata (Jold.'"* from 
the J\lalm. iu tlie charactiu's of the orna,mentation it agrees per¬ 
fectly with th(i Indian form. Jt is also sometimes narrower (type), 
some,times broader (var.) ; its umbo is, however, less pointed, and 
the concentric swellings of the early stages arc not compressed but 
an; completely rounded, moreover the Indian form is distinctly 
convex, especially in the umbonal region. The bathonian forms 
figured by (^uenste.dt as Astarle depressu are even closer, espeijially 
with regard to th<‘. concentric ridges in the earlier stages of growth, 
but the posterior margin is moie rounded tlian that of the Indian 
form, whose general shape is more distinctly triangular. This latter 
distinction also holds good for A. sUialo-cosUda in Lahusen*’ from 
the Oxhudian. Astarie fretnhiazensis Lor.*’ from the Oxfordian of 


Switzerland is smaller, less convex and is intermediate, with resjKict 
to ])roportionate. height, between the two Indian varieties. The 
interior of the lower margin is similarly crenulated." 

(.'ommon. East of Laptel E. (I. Jlimdes. 


Belkmnitks sp. related to B. Ocrardi, pi. 19, figs. II, 12. 

There arc two specimens of a small belcmnitc with a narrow 
groove. In section it is round or sUghtly oval. The state of pre¬ 
servation is insufficient to say anything definite about furrows or 
concentric markings. There is no indication of lateral grooves, 
^riiere is a gieat rc^semblance between this fossil and Belemnitcs 
Genmli Oppel from the Spiti shales” in which the furrow is broader, 
though the section is analogous. The early stages of B. alfuricus 

* Nlanton, liiiU. U. SI. Oral. Snrv., pi. 100, (1}^. 23, lips. 1-3. 

(!(>.saiil)ivalvi'n. Ihtik^ichr. k. Akad. Wivn., Vol. XXIV, pi. IIT, %. 7. 

■* I’cl.r. (Icrni.. pi. 134, fig. ISf/. h. 

* .Jura, Vol. lAVIJ. fig.'^. 29, .30. 

^ Afiiti. com. f/ml. rvss. 1, Dio l^.aiina dor ji/ras,s. AMagorungon d. Rj.a.M.ari Donv. pi. 11, 
llg. 20. 

* ScJnri izfr j>iil(vnnt. Abhnndlungai, Vol. XXVIIT, pi. IV, figs. 24-20. 

’ iSoo also die ipiadraiigiilar At^larlc, Willoni andtho orhicular A. attgulaia in Morris 
and Lveotf.. Mon. of tlio Brit. (Jrcat Ool Moll. pi. IX, fig. 10 and pi. XXXV, fig. 20 from 
tho bafhoniun. 

" Sm Uhlig, Spili shalos, l*al. Ind. (10), Vol. IV, of :}80, 
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Rnliin.^ aro even closor. Dr. Folffncr has kindly informod iiio that 
li. (h’.rardi also occurs in the ncocomian of the Salt Range. Oji the 
other hand, the fossil in question does not resemble any upper Cre¬ 
taceous forms. 

Two specimens. Mast of Laptel E. (C Hundes. 


EXPLANATION OF PLATES. 

I'LATE 18. 

Tlia fossils limircd in tliis plalo all belong to the ({K'ninal sandstone, witli the 
exeoptnm. possibly, of figure 0. 

Ki( . b/, Jt .— (y’M/a/jop/dos) s|». natural siz<‘, bingti Jb, j). 20,0. 

Ei( . 2. St(tfiezkaia v\. flisprir Orh., natuial size, biiigti K.. j). 20(i. 

I*'i( . — Citidntm n. sp. ind. tdf valve, natiir.il '•i/e. (<'ieniual, p. H){>. 

Fi( . 1.' ('(irdiiim i f. (}trvmnl('u,'<( n. f. right Aal\e. n.i,liual size, tiieumal ; 

p. 100. 

Fit, }>, (\—('aydiuiii Onuyudh th'>>, u.\. vaKe, ii.itural si/.c'. (.liiaiiual ; 

ji. 108. 

Fi( . (5. r.'ii udoniontitia .sw/prr.s7r<( n.f. left val\('. natural si/e. (lieiinial. 

()inaiiientation <’ompl<’ted from anothm- speeitnen. p. 201. 

Fn;. 7. ytsYi/dowoMnOs .sxprr.vb.v, n.l. liglit ^a]ve, natnial si/e, (Jieiiinai, 
p. 201. 

Fio. H.--Ariridn 9 alT. S<nuf(r,-(tni< is i’ietet-Camp, natnial sizi'. (lii'umal. 

Umbonal region restori'd from aiiolhei spi'cimen. p. 207. 

Fid. !td. h. —f'oitof ? M/oJi/and n.f. nat ui'al‘■ize. (JiiMimal. p. 210. 

Fid. 10 .—Punnjuva ef. cnrnntn Orb., natural size. (Jaiimal, p. 209. 

Fin. Ibi, h. (Uirdivm n.sp. Oienmal. 

Ilf/ natural .siz.e, IIA, ornamentation, enlarged. 

Fid, 12. —Aporrfinis aff. Dupininna Orb. (in I’ict-f am;») cast, natural size. 
(Iiikkim, j». 204. 

Fid. l.'lfl, b. ~Lima idi. Arzir.rcnsis l.,orioi, Oieuinal. 

Klrt lateral view, natural size,; i:F> oiiiamenlalion, (“iilarged. p. 207. 

Fin. 14.— Lima atf. .l/::iVm/.s/.s'Loiiol, e.ast. natiir.il si/,f‘. Oieumal. ]>. 207. 
Fid. 1.7, —Tapes liorhehnmi Zitt. natural size. Chikkim, ]». 203. 

Fin. Ifi. —Unieardium ef. fitmidum llriart-Carnet (in Oeinitz). natural size. 

Chikkim. p. 203. 

Fin. 17rt, h, c.—Arrn sp. 

17n, outline, natural size ; 

17f/, the same enlarged ; 

17f, past, natural size. p. 202. 

Frn. 18. — Te/lina of. .s/ri{/fjfa Goldf. Right vtiiva. natural size, (tioumal, p. 204. 
Fid. 10.—7Vfb'Mfi sp. Right valve, natural size, (iieumal, p. 201. 

Fin. 20fi, h. — Gri/pJian aff. Bai/lei Clucr, natural size, (iieunial, p. 2(K). 


Njcderlandifinh Indicn Pal. Suppl. IV', pi. VIII, tigs. 8, 0. 
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KlO. 21. -- firi/pha'tt Ihtylvi (Jiior. ; viow nf I litt iunlxt. nahiral si/i', Oifiiimal, 

j). 200. 

22. sp. Tiulurikl wizd. (iinimial, p. 200. 

10 . 

A. h'o.ssils Iro))! (lie (Ociim.il s.uidstoiH*. 

(',isl. ji.il iiral .''izc. < Jidiuiiiil, p. 207. 

W;. .intttriur vjrw. 

I/;. pMsOiiior 

O’, vMdw. 

Wr. vnticiil vidw fri»jn <il)o\ 

Khj. 2. .sp, C.isl. iiat iir.il sj/<-. iititn ior v i<;» . (.'ii'iiin.il. p. 2o7. 

|{. Fossils from llu‘ so-(mIIo«1. 

“('lukkiiii f.inu'slotu'" of lliiiid.cs ((inosliai licollootioii) liooi (msI of Laplol 

ii.c;. 

Fk;. .‘f. t'.fdrlr {liJrifiln/ln ? ) /ninth n f. Mro.id v.uifly. ti.i* iiral si/.o. 

p. 220. 

Fjf), 4. -AJdi'tf lEn/t/n/la ? ) Inniihmiinit n.i- Hro.ol variofv. uatiir.il 

p. 220. 

.■). AnI'iih’ {I'JrlpIn/hi 't' ) Ininihnionit n.t. I’ro.wl v,iii(0\. u.'itural si/.(\ 

p. 220. 

Fro. Cyn.h.- Aff/nile {El!phyla ? ) hini(h\<iini>n uA. Typo, n/ilural .siz<*. p. 220. 
Fi(i. 7. A.Aai/t {/•hipliyla '' ) hnnihniana n.f. naliiral .sizo. p. 220. 

Fl(). H. - Cucnllfia [^hliyi i\A. tial nr.xl .si/,o. p. 210. 

Fig. 9. Cik nllcea Uhllyt ttA. ()riiaiu())iliitioM c.iiJaiyc'd. "I'lio dots indio.dt* tim 
lo « Inch tills portion of lh<* shell hch nj's. p. 210, 

Fl(!. hV/. />. Cuitilhrii f'hit'll u.f. nidiirnJ sl/,c. p. 219. 

Figs. Jin. h. I2n, />. /Ji h iinnh 'i sp. natmal ^i/c. p. 222. 
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Further dbscription of Indarctos salmoinTanus 
Pilgrim, thf: nlw ghnus of Bf:ar from the 

MiIjDLE SlWALIKS. WITH SOME REMARKS ON THE 

Fossii. Indian Ursidaf:. By Guy E. Pilgrim, 
D. Sc., F. G. S., Offu hiti}i<d Siipcriiitcndc-nt, Geological 
Survey of In ilia (With Plate 20). 


nj^HE .sprrinx'ii wliicli foriu.s (Jin niniii Hiihjoct of thn iimseiit 

, , piiiior iH a. li'ii'initMit. (it Uin Inft maxilla of 

The hpccimeii. ' ' ^ i 

a ix'ur. coMtaiiiiMu (.hn pi'ilortly pmsorved 

with iiiL which has (Jin surlaio ol (ih<* ctowm ctilii'i'K' hanuritM’nd 

olY, and the aha'olus nl (.he post<'ri(»r loiJ. of pmL A ]airt of the 

/A'^oijai is incliuh'd show inn (Jic maxillo-jimal sntana*. A mmow 

strij) of the palatnin is also \isi))lc sliowin^ a jKiitioji of the Jiiaxillo- 

])ahitiiin siitiiu*. A sii/all pu'cc ol tlu* inaiiix is attached to the 

s]»ecime.n. consistinn cj tlx' p(‘pi er and saJ(. sandstone, with inrains 

of medinm (incncss. whuh is so frecjiienth' jnet with in Middle 

SiA\alik horizons. 

J'his s]iecini<'n was ohiaaned Iron' near lhe A’illane of Hasnot, 

Horizon localitA nortli of the Salt 

Raiine and west of the. J'llla ridf;e, shown in 
the ina]) w'hieh accoinpani».d the author’s ])apor on the eorrela- 
tion of (Jie Siwaliks with Ma,inn)al horizons of Eurojie,’ which 
has yieldi'd so nia,nv jeinains of fossil ma,niina)s. It Asas jilven 

to Suh-Assistant A'linivak Rao hy a, A'ilhpn.ei- and i(s exact locality 
Avas not asccitamed. 'I’he < haracter of the matri.v, hoAvever, renders 
it likely that it eaioe out of th(‘ Dhok Rathan zone. The possiliility 
cannot, hoAAever, he entirely exeliidi'd tliat it may have occurred in 
tlie Tatrot heds, idthounh the coai’se crit or broAvnish sandstone so 
ty|)ica.l of the hitter hoiizon are alikf'. wanting ijj the jmrtions of 
matrix attached to th<‘ specimen. 

This maxilla was Iniefly desiaiberl in lUronh, Gcol. Siirv. Jndia^ 
\'ol. XLIIl (Ibid), |). 2‘JO, hut Avithout a 
Specimen.**”” ”* **'^ lijmi'c. It Avas theie stated that it was im- 

})ossi])le to refer it to any previously known 
^; 5 euus, and the name of Itidardox mlunmUitinn Avas proposed for it. 
The followiiijj d'‘Scriptio]i is a fai- more detailed one and is accom¬ 
panied by (iciires in Plate 20. 


' Qeol. Siirv. iW., XLUl, PI. 27. 
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Tho structure of the liinderniost to(»th, which coiiiluncs cliaractcrs 
peculiar to tlic last upper luolar of IJija'narrlos, Ursanis, and 
Helaretos leaves no room for doubt as to its belonffin" to a 
member of the family of tlie Ursida', hVuir main cusps are indicated 
in m^ of whicli tlu; two outermost are strouffor ; the antero-interiial 
cusp is lon^f and rid<^e-like and shows clearly a division into two. 
I'he postero-internal cusp lies somcwliat behind the level of tlie 
postero-e.xternal one ; ])ehind these two cusjks the tooth is pro¬ 
longed into a very stronj^ talon containing a low cusp internally 
and a small one externally, hanifin^ on at the base of the large 
postero-external cusp. 

The strong external cingulum runs into this latter cusp. There 
is also a well marloxl internal cingnlinn on the anteri<tr two-thirds 
of the tooth. 'J'he talon is not symmetih.'allv developed but is 
chiefly internal. Thus it cotucs about that the small external 
cingiilar cusp referred to above is c(uinected to th<‘ liinderTuost 
point of the tooth by a straight marginal e(lg<‘ obli([ue to the an- 
tero-posterior axis. 'Phe surface of the tooth seems t(> be ([uitc', 
smooth and free from wrinkling. 
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Measurements of Ursidae. 


Comparisons 

Hyssnarctos. 


The T)ieasTm‘jr)eiii.s of this tooth in millimetres as well as th« 
other dimensions of the spccimcii are -stated in 
iuhiilar form above tof^ethcr with those of 
V rsavus brevjrMn ns, riy (niaiTfos fnnjahiensis, Arctofhenimi bonariense, 
Ilelarclos walaunnus and some other sp(K*ies of Ursus. 

It will be seen that in point of size this species can only bo 
eojnpared witli Ifjjn’iuirctos and Arcfofherium 
''’***' amongst tlio Ursida.'. Since, however, Ilycp- 
nardos (taking as the tyj)es of this genus 
JJy annrclos sivalnisis h^alc and H. insignis Cerv.) is characteris(‘d 
by perb'ctly square upper molars, it s('ems quite impossible to 
refer the present species to tliat genus, as not only is nd longer 
than l)road, but a very j^ronoimced talon is present iji m^. 

ft cannot, however, be denied that the species Ilyccnarrlos 
jmHjdhicnsis possesses precisely those stiaic- 

Comparisons with tiiral features which aie so obvious in In- 

Hywnarctos punja- , , . , , , 

blensis. (lardos, only in a very naicji less pronounced 

degree. Jt is true that m^ in this species is 
almost square, but if we refer to Lydekker’s figure* of nr w^'o 

shall oliserva; the, same prolongation of the jiostero-internal 
angle, though it has hardly advanced far enough to be 

called a talon. If however we should discover a form in¬ 
termediate between IIij(tnarclos ftinjohiensis and hulardos sal- 
7)io)il<wvs it would be indeed difficult to draw generio dislinctions 
ix'tween the three. It is jierluqis imieasible at presi'ut to separate 
Ilyavardos 'jninjabicnsis generically from the other known s])eci('s 
of JJifn'iufidos, but in any ca.s«' the fcaturi'S, whicli distinguish my 
species from Thjanardos siralmsis, ajqily, tliough in a less degree, 
in a compaj’isou with Hyrrnardos pnnjahiaisis, and seem to justify 
the establishment of a new genus for the recent find. 

In my prelitninary notice^ of Indardos, I suggested the possible 

connection between the llasnot species and 

Connection with//.rA-'- the species from the pontian beds of Montre- 
narctos arctoideus, , ^ . i i i ' * i ii 

Oep. don briefly described by llejieret under the 

name of Ilynvafdos ardoidevs'^, but without 

either figures or dimensions. 


* Pid. IruK Rcr. lO, II, text fig., p. 22S. 

* 1. «■., p. 290, 

3 C()7tii>(rs Rrndii.'f Acad, Set,, Paris, C’XXI (1805), p. 43:1. 
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Schlosser* bus ventured on identifying Deperet’s species \vith a 
species of Urmvus from the pontian of the Bohnerz of Melchingen 
to which ho has givciri tlie name of Ursavus depereti. It is not pos¬ 
sible to arrive at any conclusion with the ineagie information at 
our disposal regarding the species Hyanarclos arctoideus. 

I might here withdraw the tentative suggestion made in iny 
j)reliminarv notice of hidardoa. that the mail- 

(Ind. Mqb. U. 9 and D. 10) 
ligured by Lydekker in Pal. Ind. ser. 10, vol. 
II, PI, 31, tigs. 2, 3, and provisiojially referred by him to Hywnarc- 
tos palcBindicMH, might possibly have belonged to Indaretos- The, 
size and prominence of the zygomatic arch points to a mandible 
much stouter than this. iMoreover, the dog-like qualities to which 
Lydekkcr calls attention are not such os one would expect in an 
animal which distinctly approximates to the true bears. 

Arclothcrium certainly shows some features of similarity to 
Indarctos, but apart from the improbability 
Antoth^erlum. ''^^*** .American Pleistocene species, Avhich are 

mainly southern in their distribution, should 
bo generically identical with an Indian one of pontian age, Arrto- 
theriam, as ty])ified by the species yl. hnnarirnse. P. (lerv., seems to 
be quite distinct from our species even in the few ehoTacters that 
are available for comparison. In Ardoflicrtnnt the transviuse dia¬ 
meter of mb far from being less than the antero-post<‘rior diameter, 
often actually exceeds it. On the other hand the talon of m“ in 
tliis ge)\us is longer and more (-onqdicatcd than in lnd<(rd(>s. 

I shall next consider the relations of Jvdardos to the upper 
Miocene genus f/rwin/.s, and compare the two 
'''^**** carefully as my materials allow. Gr-savna 
also ])ossesses a talon to m- but it is not so 
long as in the Hasnot species. Moreover, it seems to have been 
much more symmetrical. 'J’he four main cusps form a sipiare, the 
two posterior ones being directly opposite one another; further 
there seems to be no trace of a sub division of the antero-interiial 
cusp into two. TJrmvm resembles our form in the presence of 
strong cingula both internally and externally. 

We tind that the disproportion between length and breadth 
in m^ of TJrmviis brevirhinvs is less marked thaji in the Indian 


^ Schlosser M., Ueifcrago zur Kenntniss der Saugethierreate aus den Suddcutachen 
Bohnerzoti, Geol. u. Pal. Abhandl., IX (1902), 149. 
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fossil. Even supposing agreement between the two species in the 
structure of pin^ and otherwise, the points I have mentioned seem 
sufficient to justify a generic separation. 


Modern bears with the exception of the South American species, 
Tremarctos ornalus atid the Malayan bear 
mmlc^bears* '*^**** Ilelarclos nudayanua ]iossess a talon to 

which is so iuuch longm- and more complicated 
than the one in question as to entirely preclude any comparison. 
Of the tAvo exceptions to tiiis, f shall first consider Hehrclos ma- 


Conparlson with 
Helarctos malaya- 


layanns This bear iii res])ect of size of talon 
in 111 “ and relative length of the upper molars 


nus. 


is evidently removed as far from our species 


in the one direction as Ursavus brerirhinun is in the other. The 


antero-internal cus]) is divided as in Indarctos but in addition, the 
external (nus]), which in the ITasnot specimen is obviously cingular 
in origin, has assumed much greater dimensions and has been shifted 
internally so as to be in a lim; with the two external cusps anterior 
to it. 'Fhe talon is more developed externally than in Indarctos 
and is higher, being fnrtlie.r complicated by stronger and more 
numerous cusps. On neither side of the tooth is the cingulum 
so wcll-develo]:)ed as in the fossil, although this appears to be a 
somewhat variable i-.haracter. 


It has alroadx' been remarked that a part of the maxillo-palatine 
suture is visible in my specimen. 1’he course, of this is essentially 
dilTeront not only from what we see in Helarctos nadayayias, but 
also in all other modern bears. Running alongside the. teeth it 
does not leave them until it is opposite the midpoiiit of juh On 
the analogy of the other- bears we may irrfe.r that it then proceeds 
obliquely inward at least as far foiwvard rrs pnO. In Helarctos ma- 
layanns, this sutui'e leaves the line of the teeth opposite the hinder 
half of m® and ends up no further foi-rvard than m- In JJ. isnhel- 
linas and its allies it runs as far forw'ard as pm'* but leaves the teeth 
opposite ni^. 

A point which seems worthy of mention is that in the fossil the 
maxilla is very much deeper and more stoutly built than in the living 
forn) not only absolutely, but in a measure quite out of proportion 
to the amount by which the molars of the one species exceed those 
of the other in size. This stoutness extends very markedly to the 
jugal process and to the jugal bone. A striking feature of the latter 

p2 
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is tlic extent to wliioli it projects outwards from the face before 
ruTining backwiU‘d to join the zygoma, Tt scorns pro})able that the 
more massive structure of the maxilla must be correlated not only 
with larger molars than in the living bears but also with larger pre- 
molai's. Another small point connected with the fragmentary al¬ 
veolus of the hinder root of pm'* leads us with even greater certainty 
to the same conclusion. Tn Jidarcloff mahiyamnf as in all modern 
boars as well as in the pliocene and j)leistocono types referable to 
[Jrsiia, the inner cusp (protocoue) is situated almost on a level with 
the hinder outer cusp (motacono), both protocone and metacone being 
supported on a single root, only slightly inferior in breadth to the 
entire broadi.h of tlu' crowti of the first molar tooth immediately 
hehind it. Tn and Vrsavv!^ on the contrary the proto- 

cone lies very much more forward, on a distinct root of its own and 
the hinder root of pm'’ is conjparatively small- less than half the 
width of m'. If the Ilasnot species possessed a pm'’ of the type 
of Jl(‘l(frrtos and TJrsoy the diameter of the hhider alveolus would 
most certainly have been greater than is actually the case. We 
may, therefore, infer with a tolerable degree! of certainty that the 
protoconc rested on a distinct root and lay more anteriorly than 
IS the case in [Ichrclos. AVhether it corresponded exactly in posi¬ 
tion and size to the protocone in pm’ of Hya'uarrfo.^ and Ursarns, 
it is, of course, impossible to say. But in any case we are provided 
with another very im])ortant di (Terence in structure from Ilelarctos 
w(tlityanns, and we. need feel no hesitation in placing the ITasnot 
specimen into a dilTerent genus from lldarctoff. 

Coming now to Tronnrclos oriiafus, it seems that the general 
Comparison with ap})earanc<‘ of m- recalls the ITasnot specimen 
Tremarctos ornatus. strongly. Apparently, however, all the in¬ 
ternal cusps including those of the talon here become fused into a 
more or less continuous ridge broken here and there by small divisions. 
In its hinder part this ridge bounds the talonal margin. In the 
Hasnot tooth the talon is depressed and shows no trace of any 
such ridge. Tn its ])roportionatcly longer upper molars, Tremme- 
tos ornains approximates less nearly to Imlardos than does Ilelarc¬ 
tos malayamis. In other respects the points to which I have called 
attention as separating the two latter apply equally well to dis¬ 
tinguish the fossil form from the recent South American species. 
It would, therefore, be quite unreasonable to attempt to trace a 
connection with such a geographically distant animal. 
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Passing now io the (inestion as to (1) how the Indardos type 
Ancestry and later may have originated, (2) what it ma}' have 
history of Indarctos. jriven rise to in later times, we must first rejeet 
the idea suggested in iny first notice, of this genus that IJdarctos 
vtalaj/aiius may have been its degimcrate descendant. Although 
the structure of in^ in the modern species is somewhat similar, yet 
the greater complication of the cusps and still more the difference 
in pm* is entirely against this theory. It seems most likely that 
Indardos salnionianns rejirescnts the climax in size sittained by 
this particular line which soon after became, extinct, as has so 
frequently been ju'ovcd to occur in such gigantic ty])es. 

As to its origin, it is of course, not beyond the bounds of pos¬ 
sibility that it may liave descended from the tortonian or sarmatian 
Ursaras, oi- a closely allied form, but the much greater degree of 
corrugation in the latter and tlie more, symmetrical talon of in- 
militates against it. We see moi-eover in tlie pontian Ursvs Bacilli, 
which accordiug to Schlosscr is tJie direct descendant of (^rsacus, 
the development of the Ursanis features along the very lines which 
one would have expected them to follow. 

(Wisidcring the structural peculiarities shared in common by 
Indardos salmmilanns and llyivnardos 'pmijnhlcnsis, to which atten¬ 
tion was drawn on page 227. the (piestion of a possible genetic 
connection at once suggests itself. A])art from the fact that both 
these species are believed to occur at tlie same strati graphical 
hoi’izon, it is unlikely that the one form is the lineal descendant of the 
other, for Ilijanardos pan jab ic ns is has a deeper maxilla, but it 
seems highly reasonable to suppose that both of tliem I’eprescnt 
slightly different lines of devehqmient from a smaller and less spe¬ 
cialized llyaaiardoid ancestor. Such a form or a near ally of it 
suggests itself in the sarmatian Ilijanardos lavtdlardi, Mencgh. 
from Monte Bamboli, but even smaller species conforming to the 
required structure may one day be found in the Lower Hiwaliks, 
which up till now has yielded no Ursid remains whatever. 

Since to my knowledge no upper teeth have been discovered 
either in the case of Ilipenardos Inanilardi or Hyevnardos atlicus, 
Dames, it is possible that one or both of them may have possessed 
the embryonic talon shown in m^ of Ilymiardos panjahiensis. 

It is doubtful how far the presence of such a talon in the last 
upper molar may be correlated w'ith the size of the 3rd low'er molar. 
It may be noted however that in.^ in Ilywnardos sivalemis is said to 
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huvc boon cotiiparat«ive]y small, and in II. pnlwimlicus was citlier 
V(7;>- small or absoiii. Tins tooth is uukiiown in II. iiisvjnis. On 
Iho. otluw liand it is conix^aratively lav^n in H. hnmlkirdi, and mod- 
cratoly so in H. alliens. In this connection I would suggest that 
it might be wiser to consider the reieieiicc of the mandible ligured 
by lA'dekkcf 'm Pal. Ind. ser. (0, voJ. II, 1*1. HI, iig. 1 to Hymuirc- 
los pnnjabiensis as jnovisiotiai. The mandibJe in question was not 
obtained in the same season as the type maxilla, and so far as 
can be seen now the two s])eeimens do not agree exactly either in 
colour or amount of wear, and therefore are unlikely to have be¬ 
longed to the sain(5 individual, which was Lydekker’s opinion at 
that time, Tailing exact knowledge as to the actual association 
of tin' two, it seems as likely that the mandible belonged to the 
sjieeics Indanlos .sidtnotilanns. 

No trace of a talonal struetuie exists in m- of eithei’ of the sjiecies 
II. siralnisis or II. iiisojnis. As we have very 

Hywnarctos strong reason to believi; that liot.li of these 

leasts ana laslgnls. _ ^ 

sjjccies occur at a considerable higher stratigra- 
Xihieal horizon than U. pvnjnhiensis, wni may infer that they arc 
descended from a sjiecies which, in this resjxsct at all events, was 
more x^i’i^^^dive than II. panjobien.sis. II. insujnis w'as a smaller 
form, but the degradation of pin“ to a single-rooted tooth in 
distinction from the double root of the c(»rr<'sx)onding tooth in II. 
■pimjabicnsis is wTat might be expi’cted in a later Ursid species. 

Yet another line existed in the Middle Siwalik of India as the 
species Iliyrnarclos pakvindiens, the dog-like 
aflinities of which have been clearly showm 
by Lydckkcr.* The shortness of ni^ and the 
rounding olT of its internal angles together with the obliquity of the 
external cusps of m^ indicate, according to Jjydekker, a nearer 
relationship to Ilemicyon than is found in any other Hyanarrios 
maxilla. The siqiposed mandible of this species exhibits in its 
shallow'iicss and slenderness, and in the absence of m® even greater 
unlikeuess to the bears. In many respects this mandible reminds 
one of Simocyon. 

Passing to the true bears, ancestral forms such as are found 

^ .. if^ Europe in Ursavvs and Ursus bockhi are ab- 

Melursus theobaldi. ^ 

sent from the Miocene and Low'er Pliocene 

of India. The earliest Indian bear is the species Ursm theobaldi 


1 Pal. Iml. her. 10, Tl, p. 232, 



Part .3.] 


Pilgrim: Indarnto.s salmnntnnns. 


283 


Lyd. from tlie, koriz.on »d whiclv is ])rohably t.ho BouldiT 

Con^lojueiatc zone, cijiuivaU'nt to tiio, llpp«'v IMiocoiio of Europe. 

Lydekker* has clearly shown that this is to lie assijfncd to 
the ^^cniis Mi’lvi\sn,s, and regards it as the direct ani’cstor of the 
recent Meliusns ursDnjs. from wliicli it foljows that the aborted 
d(>ntition of tlie latter is a rec'cntly ae(jiiired characteristic and not 
a sui'vival of ancestral <'haiactors. 

The onlv other fossil bear is Ursus namuLicm of the, Pleistocene 


Ursus namadicas. 


of the Narbada vylley. Tiiis species seems to 
me to be much closer to Ursas arrrnieit.sis Proi/. et 


•lob. of the lIp])or Pliocene and J’leistoccne. ol Europe than to Ursu.'i 
{IJrhhclos) ntdlviitniiis (li<Torin<.>; from it so far as com-erns the upper 
dentition (which is alone known in IJ. rianiadiciis) onlv by the broader 
111 ’ and tin* larger and moi’e [losteriorly situated protocone, of pm*. 

It may be permissible to place both of these foiins into the sub- 
genus Ilelarclos, but 1 am unable to regard Ursds yiamddicnx as the 
diiect ancestoi’ of Ursus {Ilelarcfos) nuduijanus in view of its much 
more elongated ni“. vSchlossei-j' comments on its likeness to Vr- 
sarus hrevirlmms. T'hese two species indeed corresjiond in the 
breadth and simple structure, of m*, but the great dilTerenco of their 
geological ages amply accounts for their iinlikeness in other respects. 
But in any case it may well be that LJisiis lutmadwns and Ursus 
re])resent onotlmr line apurt from Ursus (Hdurdos) mala- 


yanvs. 

'rile, mammalian fauna of the older pliocene of India is too 
insufficiently known to allow us to be sure that the failure, to find 
Ursus at this horizon is a proof of its actual absence, from the 
fauna, flence, though tempting, it would be premature to draw any 
deductions as to the migration from Europe to India of bears like 
U. ruscinensis or f/• arvernensis^ through stress of climatic conditions 
in the glacial period. 


EXPLANATION OF PLATE. 

PLATE 20. 

Kin. 1.— IndntrJo'i salmontanus, Pil}:;rim, loft maxilla, Mirfaco view. 

Fia. 2.—m’ in tlio above, external side vi(»\v. 

Fig. .3.—the same, iiitornal side view. 

^ Pnl. Ind. se.r. lO, 11. p. 21J. 

^ JSchlossor M. IJobor die Baren and Bii.ronahnliohon J''ormon dosj Eurt^piiischcn 
Tcrtiara Palmontographica, XLVI (1899), p. 100. 
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On the Probable FirruRit Beheading of the Son and 
Rer Rivers by the: IIasdo. By L. Lekui Fermor, 
D. Sc., A.R.S.M., F.C}.S., Sn.pmnlcndcnt, Geological 
Survey of Iiidoo (With Plate 21.) 


R(’rlia[».s f.lu' most rcmarkahlc fcaliiro in tlic pliysical 
of Korea State is iliii (lirc(‘.tioii of its Urainaoo syst-om. Rroni 

tlic accompaii}’in '4 map it will Ix' seen tliat witli small exceptions 
tJio wliolc of Hie portion of Hie St.ite rejireseuteil!- namely, Hiat 
soutii of lat. 23'D'iO\ corros|iojulin<.> roiiiilily witli Hn* portionsof Korea 
south of tli(^ Siipra-Barukar plateau, and formin” about three 
(piartcrs of the total anni of Hie, State—is drained by the Hasdo 
and its tributaiu".;, tin* Biidra, the Aiijau, and the (b'j. The 

exceptions are the north-west corner, which is drained by the 
Kewai, a tributary of the Sou, flowin<t Hiroiioh lliwvah State to 
the west ; and the north-east borders, whieli are drained by 
tributaries of the Rer in Sar^uja State to tlie east. The Hasdo 
is, of course, a tiibutaiy of the Mahanadi, so tlia! the main 
drainage of Korea finds its way to the sea at Cuttack, But 

Rewah State and Pendra xcmiiidari on the west of Korea arc 
drained almost entirely by Hie Son already nKMitioncd, and 

Sarguja on the cast by the Her. Both th("-e rivers flow north¬ 
wards, the Rer joining the Son in the Mirzapiir district, and 
the Son being one of the main tributaries of the (binges. Tin; 
northern portions of Korea are also drained by tributaries of the 
Son, the Supra-Barakar rocks of the Deogarli range forming the 
watershed. 


Southern Korea thus forms a drainage wedge, of which the 
waters flow south to Hu* IMahanadi, driven in between two drainage 
areas the waters of which How north to the (jlanges. A reference 
to the map of India shows that the water flowing north ind the 
Ganges route has more than twdeo as far to travel before reaching 
the sea as water pursuing the southern route via the Mahanadi. 
One is, therefore, not surprised to find that the Hasdo in its 
Korean course has a much steeper gradient than the upper reaches 
of the Son and the Rer on either side. 
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Afc Saiilmi (Pat. 23’ 29') tJie llasclo flown a1. a level of about 
2,400 feet, wliilsi where it leaves live. State in the south (Lat. 
22° 59') it is at only about 1,200 feet^. The Uer on the cast 
shows a fall of not more than about 200 feet (a})prox. from 1,800 
to 1,000 feet) in traversinj^, in a northerly direction from .lajga on 
the south to Jhiliuili in the north, tlie same number of minutes of 
latitude, whilst the Son, ])ursumg an average northerly to north¬ 
west course thi'ough the Lhmdra zamindari and the Sohagpur 
tahsil of the Kewali State, falls from about 1,900 feet cast of 
Pendra (Lat. 22° 45') to about 1,450 feet near Sohagpur (Lat. 23° 
19') to the west of the presejit sfiect, in a course of about the 
same length. The gradients are thus roughl}'^ as follows :— 

( ill 7(i (.U) mill's nr 10 foc'( In IJin milo'-^- 

Snii . . -ir)!) I(‘( (-■ in 7.1 (.30) mill's nr li IVot to tiu) iiuli.'. 

lU r . . -00 feet in ()2 (:};)) miles or .‘1 feot to the mile. 

Taking not the distances along the bends, but measurements 

in a straight liiu', Korea Jiiay be likened to an inclined plane with 
a gradient of 35 feet to the mile to the south, placed between 
two inclined planes dipping respectively at 9 feet to the mile to 
the north-west, and 0 feet to the mile to the north, the base 
of the Korean ineliued })laiM> being roughly on the same 
latitude ns the, summits of the Ivewah and Sarguja planes and 
rice rersu. Consequently, the Tlasdo, where it leaves Korea in 
the south, is flowing at a much lower level than the (Son and 
the Uer on the same latitude. In latitude 23° 0' the Hasdo i.s 
flowing at about 1,200 feet, whilst the Son at the same latitude 
is at about 1,700 feet, and the Her at about 1,800 feet. At this 
latitude the Son is only 20 miles to the west of the Hasdo, and 
the Ker only 38 miles to the east. It is, therefore, obvious that 
any tributarie.s of the Hasdo at this latitude flowing from either 
the west or the east must have relatively high gradients—higher in¬ 
deed than the Hasdo itself, and very mueli higher than the Son 
and the Her each of which is pursuing a fairly level course, largely 
alluvial, on elevated country on either side of the Hasdo. 

* Very few lK'it?li(s arc attached to the rivera on either the Atltw (Sheet or 
the 1-inoh maps of this country so that I am coTiqM'llcd to deduce ajiproximato 
lieiglits for given piuuts from (1) such heights as arc. given in the neighbourhood, 
(2) the contouring of tho maps and (3) such local knovvlodgo of the country as 
t obtained during my visit. 

- Distances mc.i.suied along the bonds. The iiuinbcr.s in bruclvots are tho dis¬ 
tances measured in a straight lino 
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Sooner or lator, thc'reforc, .su<!l) tribiitarios should have a clianee 
of beheading tho nppiT reaolu'S of the Son to the west and of the 
Kcr to the east and o[ divortinf' their drainaf'e into tlic Hasdo. 

A referejiee to the map reveals at ojie(>. two exceJlejit eases 
where tributaries of the Ifasdo liave eut baek the watersJiod very 
close, indeed to the Son on one side and to th(i lier on the other. 


Oji the west side, (he Budra river—which joins the Hasdo 

at an eh'vation oi a little over 1.200 feet 
Thebeheading of Ihe . ■, , , 

some 1 miles oelow J)cwadand near tlie 

southern liordi'r of Korea—rises (o the west 

and south-west in a nmltitiide of tributaries, a lar/ije jinrnber 

of which h('ad within I to 1 mih'S of (he Son. The watershed 

between tlie Son and tiu'se nalas is vmy low and is Irequmitly, 

jndcin;' from the I" niap and niy observations where 1 crossed 

it at, two points, of aji alluvial character, and is, therefore, in 

many plaee.s probably not more than 50 feet, and probably sometimes 

less, above the bed of the Son. It s(*ems, tlnwefore, certain t.hat 

sooner or later the. Son will be lapjied at one of tliese numerous 

points of attack. 


This may happen in two ways. Either a tributary of the Budra 
may erode back its head until it reaches the flood level of the 
Son in the rains, when tin* Son will discover this channel and 
commence deepening it with a rush of water. If the. harrier were 
alluvial this cutting might be eomjileted in one rains with the 
consequent diversion of the head waters of the Son into the Budra. 
But if the barrier were rocky it would probably take many years 
tr> deepen the, channel to lh(> level of the, bed of the Son ; and 
in such a ease w^ater from the. Son would jiass into tlie Budra 
only during the rains year by year, until a permanent diversion 
was effected. Or secondly, the Son might in a season of excep¬ 
tionally heavy rains reach an abnormal level and overflow its 
lianks, thus entering one or more of the attacking tributaries years 
earlier than would otherwise have happened. 

Once the divejsiou had been effected, the gradient of the 
captured portion of the Son would speedily increase, and a gradually 
increasing length of the Son below the point of truncation would 
have its flow reversed. 

The distance to which this reversal would, in the course of 
time, extend would naturally depend on the character of the 
watershed between the two drainage systems at the point where 
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it/ was breached, particularly the depth r)f sound rock below tiu; 
surfac<‘, and its power of resisting crosioiv. lJut it seems likely 
that in any case the reversal would eventually extend as far as 
the junction of tlie Kew'ai witli the Son (about 1,600 feet), thus 
also diverting ijito the ilasdo the drainage of the Kewai, which 
taps the north-west corner of Korea. 

If we examine the 1" sheets for the most lik(‘ly spots at which 
such beheading might o(;cur, three. j)oints seem to he specially 
favourable. One of these is a point about a mile south-west of 
Nakha (Lat. 22'^ 55'), where a tributary of the Sukhar, itself a tri¬ 
butary of the Hudra, terminates oidy half a jiiile east of the Son, 
from which a minute tributary rises U]) to join hands. The water¬ 
shed at t;his point may be a trifle high, as is suggested both by 
the contouring and by the existence of granitic, outcrops just to 
the south of the nala : it cannot', lioweser, be higher than HH) 
feet above the Son, a'jid is probably much less. In addition 

the attacking tributary falls eastwards, in the course of a mile, 
to a much lower level than the Son, so that the W'atershed is 
bound to be breached sooner or later. 

An almost ('qually likely sjiot lies on this same watershed some 
3 miles further north near the village of Karangi (23''’57'). Half 
a mile east of this village th«‘ Humar rises l(*ss than a mile 

from the, Son, tlu' height of the watershed above the 8on being 
probably not more than about 50 le(‘t. Tin' Dnmar has a consider¬ 
ably steeper gradient than the tributary of the Snkhar that is 
})ushing the attack near Nak'ha. Thus, where if joins the Biidra 

the elevation is about 1,400 feet, wliilst on the watershed its eleva¬ 
tion must be a little less than J,<S00 feet. There is thus a fall 
of nearly lOO f(?ct in the course of 6 miles, whilst the gradient 

in the 8ukhar must be about. 450 feet in about twdee that 
distance. Without a more, intimate knowledge of the ground it 
is impossible to predict which of these two tributaries will elTect 
the beheading. 

If the tw'o tributaries noticed above ar(‘ slower in their action 
than might be anticipated, then the capture may be effected still 
further to the south near the villages of Sakhiia and Sakola (Lat. 
22° 50'), where several of the head tributaries of the Sukhar 
approach withui to 1^ miles of the Son, at a point where 
the map suggests that the watershed lies on alluvial ground. Al¬ 
though these tributaries have a low gradient at this point, so 
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that they will tend to eiit baek their heads more slowly, otlier 
tiling's beiiii* cf|iial, yet the hei^^ht of (he watershed ab()vc the 
Son must be very sniall, giving the latter river so much the greater 
chance of ovcrllowing its watershed at a time of exceptional 
floods and so belieading itself. 

Still further .south the beheadirm niifflit be effected bv tributaries 

C? O 

of the Bamni, the largest tributary of the Budra. J^ut it seems 
to me that the beheading of the Son is more likely to occur 
at one of <hc first named points lower in the course of the Son, 
because the attackijig tributaries near Karangi and Nakha have 
a steeper gradient, whilst the Son itself is larger and perha])s 
has a greater chance of entering the invading nalas at limes of 
cxceptiojud floods. 


Turning now to tiui easterji side of the JTasdo, it is seen at 
once that the Jhink Nala, a tributary of the 
Rer*** *’®*‘®“‘**"*^ (lej, which itself falls into the Jfasdo some 

miles below where the latter leaves Korea, has 
already cut back its course so far that at Bhaduai (Lat. 23° 1' 
Long. 83° O'), two of its headwaters have reacjhcd a distance of 
only a mih'. from the Her, The contouring of the 1' map at this 
point suggests that the watershed between fJic Jhndc and the Rer 
is fairly high above the Rer, perhaps 100 to boO feet. But it 
seems certain that .sooner or later the ,)hink will behead the Rer 


at one of these two jioints. The probability of this is seen in the 
fact that the Jhink falls some 450 feet between its source and 


its junction with the (lej (about 1,400 feet) some 23 miles to the 
west. Between the probable point of beheading and Jhilmili - 
some 52 miles—the Rer falls from about 1,750 or 1,800 feet to 
a little over 1,000 feet (Jhilmili is 1,034 feet), probably 150 to 175 
feet in all ; comparing this elevatioji with that of the jujictioji of 
the Gej and the ITasdo, it does not seem likely that a very 
great length of the Rer below the point of truncation will have 
its course reversed and turned into the Jhink. This probability 
is strengthened by the fact that below Jhilmili the Rer passes 
through rocky country with a much increased gradient, falling in 
the course of 50 miles from about 1,600 feet at Jhilmili to 1,074 feet 
at the Rehund H.S. (Lat. 23° 53'). So that eventually, indeed, the 
Rer is likely to recapture its lost headwaters when the barriers 
that must exist in this lower part of its course are eroded 


away. 
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Date of beheading. 


Before tliis st.fij>e is reached, however, we may picture a period 
f)f great iiicreaye in the catc]imej)t area of the Hasdo, when the 
iij)j)cr reaches of the Son (and ()f its tributary the Kewai) in Pendra 
and Pewah, l:)oth discharge their waters down one of tiic tributaries 
of the Budra into the ITasdo, and when the upper reaches of 
tlie Her in Sarguja, ])erhaps as far down stream as Paharbula 
(Lat. 23° J ]') but ])robably no further, discharge their waters via 
the .lliink and the iJej also ijito the' Hasdo. 

To assign a date to this truncation is, of course, impossible 
in our present ignorance, not only of the 
exact data relating to this ])artieular case, 
but also of rates of erosion and weathering in general. But, 
considering the ])roximity of the headwaters of the Budra to 
the Son and tlie insigniiicauee. of the intervening watershed, sur¬ 
prise should not be felt if the, caj)ture of the headwaters of the 
Son tal<(‘, ]»lace within the present century. The reader will perhaps 
best understand tlu' probability of this ultimate beheading in the 
case of th<‘Son by a glance at. the niaj), tin' shading of which shows 
admirably the manner in which the multitude of relatively stee])ly 
graded tributaries of the Budra are cutting into the edge of the 
plateau on which the Son in false seeiirity pursues its meandering 
course. 

It is dillicult to advance detinite reasons based on geological 
structure to explain this occupancy by the 

(leological reasons for of the larger portion of Korea State, 

direction of dminoKC of i j - . 

the Hasdo. I he pnmary con.sjderatioji is, oi course, gradient 

to th(^ sea, and it is likely that the 

country now drained by the upper reaches of the Son would 

also have been drained long ago by a soutliw'ard-flowing river, 

were it not for the fact that the Pendra plateau, acting as the 

watershed between the drainage of the Bilaspur district to the 

south and of Rewah to the north, is composed of Arclnnan granites 

and gneisses, which have probably acttnl as a buttress against rapid 

erosion from the south, permitting the Cloudwanas lying tt) the north 

of this buttress to b(‘ eioded and drained by a northward-flowing 

river of low gradient. This buttress is, of course, the extension 

of the protaxis of the Satpuras, which, as the author has discussed 

elsewhere^ probably continues eastwards as far as the Ranchi plateau. 

^ Fernior, (Jcology and Coal Pf&ourcrs of Koica State, Mfm., Geuh Surv., Ind., voj. 
XLl, pt. 2, p. 164. 
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But if one considers tlic long strip of (londwana sediments 
stretching from Rewali ilirough Korea and Sarguja nearly 
continuously in a south-east direction as far as the 'Palcliir coalfield, 
one cannot help ffiinldng, in spite, of the fact that portions of the 
boundaries of this strip are faulted, that the sediments W(*re deposited 
by a great river flowing south east to the sea through a breach in 
the iSatpuran prutaxis in Korea and western Sarguja. Th(> Vindhyan 
pebbles in the glacial boulder bods of tlie Talehirs in Koiea 
were probably derived from liaghellcliand in the north-west and 
support this hypothesis. If this view be eorrect then the llusdo 
is merely opening uj) once more this ancient pre-(Jondwana 
channel across the Satpuran ])Tota.vis Where I have .indicated the 
probability of one of its tributaries tapping the Son, the latter 
is flowing on top of the ancient .Arclnean Satpuran ridge, and 
consequently, owing to the relatively slow rate of erosion of the 
Arclneans, the time of truncation of the Son may be more remote 
than I imagine, and iieheading in this neighbourhood may be 
antieipated by one of the more northern tributaries of the Hasdo, 
such as, the Kulharia. W('.H<ing on <he softer materials of the 
riondwanas and thus tajiping the, Kewai directly. 

In we.stern Sarguja to the east of Korea the geological relation¬ 
ships seem to be less sinqile, and it is still mon' diflicult to e,x 
plain satisfact'irily tin* northward drainage. Ihit it is probablv' 
influenced by the fact thal the <-,ontinuaf.ion of the Satpurau pro¬ 
taxis to the east of tin' Kru’can breach begins to rise jigaiii in 
western Sarguja. 


EXPLANATION OF PLATE. 

J*I.,\TK 21. 

tJcologicul Map of Ivoi’c.i S(a(j‘. Scat- 1 inilo.'i. 
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